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Title: Chimaeric adenoviruses 

. The invention relates to the field of molecular 
genetics and medicine. In particular the present invention 
relates to the field of gene therapy, more in particular to 
gene therapy using viruses, especially adenoviruses. 

5 In gene therapy, genetic information is delivered to a 

host cell in order to either correct (supplement) a genetic 
deficiency in said cell, or to inhibit an unwanted function 
in said cell, or to eliminate said host cell. Of course the 
genetic information can also be intended to provide the host 

10 cell with a wanted function, for instance to supply a 
secreted protein to treat other cells of the host, etc. 

Thus there are basically three different approaches in 
gene therapy, one directed towards compensating a deficiency 
present in a (mammalian) host; the second directed towards 

15 the removal or elimination of unwanted substances (organisms 
or cells) and the third towards providing a cell with a 
wanted function. 

For the purpose of gene therapy, adenoviruses have been 

20 proposed as suitable vehicles to deliver genes to the host. 
Gene-transfer vectors derived from adenoviruses (so-called 
adenoviral vectors) have a number of features that make them 
particularly useful for gene transfer. 1) the biology of the 
adenoviruses is characterized in detail, 2) the adenovirus 

25 is not associated with severe human pathology, 3) the virus 
is extremely efficient in introducing its DNA into the host 
cell, 4) the vims can infect a wide variety of cells and 
has a broad host-range, 5) the virus can be produced at high 
virus titers in large quantities, and 6) the virus can be 

30 rendered replication defective by deletion of the early- 
region 1 (El) of the viral genome (Brody et al, 1994) . 
However, there are still drawbacks associated with the use 
of adenoviral vectors. Typically adenoviruses, especially 
the well investigated serotypes usually elicit an immune 

35 response by a host into, which they are introduced. Also, 
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although the virus generally spoken has a wide infection 
range, there is a problem in targeting certain cells and 
tissues. Also, the replication and other functions of the 
adenovirus are not always very well suited for the cells 
which are to be provided with the additional genetic 
material . 

The adenovirus genome is a linear double- stranded DNA 
molecule of approximately 36000 base pairs. The adenovirus 
DNA contains identical Inverted Terminal Repeats (ITR) of 
approximately 90-140 base pairs with the exact length 
depending on the serotype. The viral origins of replication 
are within the ITRs exactly at the genome ends. 
Most adenoviral vectors currently used in gene therapy have 
a deletion in the El region, where novel genetic information 
can be introduced. The El deletion renders the recombinant 
virus replication defective (Levrero et al, 1991). ^it has 
been demonstrated extensively that recombinant adenovirus, 
in particular serotype 5 is suitable for efficient transfer 
of genes in vivo to the liver, the airway epithelium and 
solid tumors in animal models and human xenografts in 
immunodeficient mice (Bout, 1996; Blaese et al., 1995). 
Thus, preferred methods for in vivo gene transfer into 

target cells make use of adenoviral vectors as gene delivery 
vehicles . 

At present, six different subgroups of human adenoviruses 
have been proposed which in total encompasses 51 distinct 
adenovirus serotypes (see table 1) . Besides these human 
adenoviruses an extensive number of animal adenoviruses have 
been identified (see Ishibashi et al, 1983). 

A serotype is defined on the basis of its immunological 
distinctiveness as determined by quantitative neutralization 
with animal antisera (horse, rabbit) , If neutralization shows 
a certain degree of cross -reaction between two viruses, • 
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distinctiveness of serotype is assumed if A) the 
hemagglutinins are unrelated, as shovm by lack of cross- 
reaction on hemagglutination- inhibition, or B) substantial 
biophysical/ biochemical differences in DNA exist (Francki et 
al, 1991). The nine serotypes identified last (42-51) were 
isolated for the first time from HIV- infected patients 
(Hierholzer et al 1988; Schnurr et al 1993; De Jong et al 
1998) . For reasons not well understood, most of such immuno- 
compromised patients shed adenoviruses that were rarely or 
never isolated from immuno- competent individuals (Hierholzer 
et al 1988, 1992; Khoo et al, 1995, De Jong et al, 1998) . 

Besides differences towards the sensitivity against 
neutralizing antibodies of different adenovirus serotypes, 
it has also been shown that adenoviruses in subgroup C such 
as Ad2, and Ad5 bind to different receptors as compared to 
adenoviruses from subgroup B such as Ad3 (Defer et al, 
1990) . Likewise, it was demonstrated that receptor 
specificity could be altered by exchanging the Ad3 with the 
Ad 5 knob protein, and vice versa (Krasnykh et al, 1996; 
Stevenson et al, 1995, 1997) . The adenovirus serotype 5 is 
most widely used for gene therapy purposes. Similar to 
serotypes 2, 4 and 7, serotype 5 has a natural affiliation 
towards lung epithelia and other respiratory tissues- In 
contrast, it is known that, for instance, serotypes 40 and 
41 have a natural affiliation towards the gastrointestinal 
tract- For a detailed overview of the disease association of 
the different adenovirus serotypes see table 2. The 
serotypes described above, differ in at least capsid 
proteins (penton-base, hexon) , proteins responsible for cell 
binding (fiber protein) , and proteins involved in adenovirus 
replication. 

One of the major problems of adenovirus gene therapy is thus 
that none of the above described serotypes are ideally 
suitable for delivering additional genetic material to host 
cells- Some have a somewhat limited host range, but have the 
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V, fit of being less irmunogenic, some are the other way 

TsL^l a problem o£ being of a limited virulence, 
^7haveTb"a: host range and/or a reduced in.unogenic.ty. 
T thinas even more complicated this variation in the 
"tUs serot^e^ is also very dependent on the host to 
:f ra^d so^hosts may already have encountered certain 
serlty^ls and thus mount a strong immune response to said 
serot^ or a related serotype. Persons skilled in the art 
™h^t there are many other variations on this same 



10 theme . 



15 



Thrpresent invention now ma.es use of the fact that some 
Tenoviruses have lower im^unogenicity than "^""^ ' "^^^^^ 
otherl typically excel in one of the other requirem^ts for 
an icl^nt gene therapy regime, such as having a high 
^ecificity for a certain group of host cells, a good 

riirtio^n ---;v:* rr i^; i::^^^ 

- usef. properties 

, Typically, more ^^^^ ' f^^ ^ adenovirus capable 

Tefriclen y tr nsre'ing additional material to a host 
tnZ therefore the ^^^^ ^Z^^ 
sectors Which !:;^^^;/„:r:::Lviral serotypes at the 

' "rdniferfon-in^^^^^ . vector capable of e=.ressing 
rrimaeric adenovirus, hereby of — ^^^^ -f^fof 

rhlsVnner the -rre^of^rtr^^^^^^^^^ 

r:: course to 

Tnfbl this production a packaging cell will generaUy be 
needed in order to produce sufficient an«=unt of safe 
35 chiraaeric adenoviruses. 
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Thus in one ernbodiment the invention provides a chi-naeric 
Zolirus co™p.i.in9 at Xea.t a pa« ^ ^^^^^^^^ 
a„d/or a protein involved in replication o£ » 
"rotype providing the ohimaeric virus with a desxred host 
7X^^J/or in^roved replication P--"-— ^ ^J^,^ 
oart of a pentcn or hexon protein from another less antrgen 
nlLvirus serotype resulting in a less antigenic ch.maeric 

(typically a plasmid, a cosmid or baculovxrus system 
rch^ecrts L cLse also part of the P^-J---" 
A preferred vector is a vector which can be used to '^^^ ^ 
chllllric racon^inant virus specifically adapted to the host 
oTe seated and the disorder to he treated. Such a vector 

, . K nreaent invention. Thus the 

ia another etnbodiment of the present luvci , ^ „ 

invt: ton also provides a reco,*inant vector derive - an 

■ 4r,o ai- least one ITR and a packaging 
Adenovirus --"P^^^^/Z^^^nLe for a nucleic acid se,^ence 
signal, having an insertion site lo 

Of interest, and further having an insertion site for 
. . „.llv inserting a gene encoding a penton and/or a 
0 rr ro ITfTfirst Lotype of adenovirus and having an 
::ert!on site for a gene encoding a fiber pro ein^f a 
_nd adenovirus Of ^J^^^-J-^ZZTJ::!^ ^ving 
r::rd^:rr:c::ri:trcs in the function camed out by that 
„ Ze or its product. Typically the invention provides 

farsettes which allow - ^d Inrrotypes 

:r::y1r:::--trob:arL desired characteristics^ 
I hHt is not always necessary that all characteristics 
30 the b st seen'as single properties. It .ay not even 

e nlcessary. for instance, to always alter P-J -^Z^ 
hexon together with another part of adenovirus genes, 
so^time! the in-mogeni=ity needs not be altered together 
rh"ther properties. However, it is preferred to use penton 
« and/or hexon genes from less imminogenic adenovirus 

TJXf^s. An in^rtant feature of the present invention is 
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the means to produce the chimaeric virus. Typically, one does 
not want an adenovirus batch to be administered, to the host 
cell which contains replication competent adenovirus, 
although this is not always true. In general therefor it is 
desired to omit a number of genes (but at least one) from the 
adenoviral genome on the vector encoding the chimaeric virus 
and to supply these genes in the genome of the cell in which 
the vector is brought to produce chimaeric adenovirus. Such a 
cell is usually called a packaging cell. The invention thus 
also provides a packaging cell for producing a chimaeric 
adenovirus according to the invention, comprising in trans 
all elements necessary for adenovirus production not present 
on the adenoviral vector according to the invention. 
Typically vector and packaging cell have to be adapted to one 
another in that they have all the necessary elements, but 
that they do not have overlapping elements which lead to 
replication competent virus by recombination. 
Thus the invention also provides a kit of parts comprising a 
packaging cell according to. the invention and a recombinant 
vector according the invention whereby there is essentially 
no sequence overlap leading to recombination resulting in the 
production of replication competent adenovirus between said 
cell and said vector. 

In order to be able to precisely adapt the viral vector and 
provide the chimaeric virus with the desired properties at 
will, it is preferred that a library of adenoviral genes is 
provided whereby the genes are located within restriction 
sites. Typically it is preferred to have same kinds of genes 
of different serotypes within the same restriction sites and 
to have that same restriction site in the adenoviral vector 
used to produce the chimaeric virus. If all sites for 
different genes are unique then a system to pick and choose 
from has been made. One can cut a penton gene from the 
desired serotype from the library and insert it at the same 
site in the vector. One can then use a different restriction 
enzyme to cut a replication gene from the bank of a different 
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serotype using another restriction enzyme and insert that 
Tene Z the corresponding restriction site in the c"^— - 
!!ctor. Thus it is to be preferred to have a vector according 
To the invention where the insertion sites are different and 
referahiy uni<^e restriction sites. Preferably this vector 
is combined with a library having the corresponding genes 
within the sa-« restriction sites. Methods to use this 
library and the vector are within the skill in the art and 
are part of the present invention. Typically such a method 
comprises a nuntoer of restriction and ligation steps and 
expression of the result in a paclcaging cell. Also one can 
use a library from which the different desired adenoviral 
aenes are obtained through homologous recombination or a 
combination of restriction and recombination. Thus the 
i invention provides a method for producing a chimaeric 
adenovirus having a desired host range and diminished 
antigenicity, comprising providing a vector according to the 
inveLion having the desired insertion sites, inserting into 
said vector at least a functional part of a penton or hexon 
,„ ptotein derived from an adenovirus serotype having relatively 
low antigenicity, inserting at least a functional P-t of a 
fiber protein derived from an adenovirus serotype having the 
desired host range and transf acting said vector in a 
packaging cell according to the invention and ^^^^ 
n production of chimaeric viral particles. Of course other 

combinations of other viral genes originating from different 
serotypes can also be inserted as disclosed herein before. 

iJLogenic response to adenovirus that 'VP^«"^ 
is the production of neutralizing antibodies by the host. 
30 This is typically a reason for selecting a penton, hexon 
and/or fiber of a less immunogenic serotype. 
Of course it may not be necessary to make chimaeric 
adenoviruses which have complete proteins from different 
serotypes. It is well within the skill of the art to produce 
« chimaeric proteins, for instance in the case of fiber ^ 
proteins it is very well possible to have the base of one 
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serotype and the shaft and the knob from another serotype. 
In this manner it becomes possible to have the parts of the 
protein responsible for assembly of viral particles 
originate from one serotype, thereby enhancing the 
production of intact viral particles. Thus the invention 
also provides a chiraaeric adenovirus according to the 
invention, wherein the hexon, penton and/or fiber proteins 
are chimaeric proteins originating from different adenovirus 
serotypes. Besides generating chimaeric adenoviruses by 
swapping entire wild type hexon, penton, fiber (protein) 
genes etc. or parts thereof, it is also within the scope of 
the present invention to insert hexon, penton, fiber 
(protein) genes etc. carrying mutations such as point 
mutations, deletions, insertions etc. which can be easily 
screened for preferred characteristics such as temperature 
stability, assembly, anchoring, redirected infection, 
altered immune response etc. Again other chimaeric 
combinations can also be produced and are within the scope 
of the present invention. 

The availability of a library of nucleic acids derived from 
different serotypes allows, among others, the generation of 
a library of chimaeric adenoviruses. The invention therefore 
further provides a library of chimaeric adenoviruses. In one 
embodiment the invention provides a library of chimaeric 
adenoviruses wherein said adenoviruses comprise chimaeric 
capsids, i.e. comprising capsid proteins derived at least in 
part from at least two different adenovirus serotypes. 
Preferably, nucleic acid and/or protein or parts thereof, 
from at least one representative adenovirus of each 
adenovirus subgroup is represented in said (chimaeric) 
adenovirus library. Preferably, nucleic acid and/or protein 
or parts thereof is derived from more than one 
representative of each adenovirus subgroup. Most preferably, 
said library comprises nucleic acid and/or protein or a part 
thereof, from essentially every known representative of each 
adenovirus subgroup. Nucleic acid and/ or protein or parts 
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thereof derived from more than one representative adenovirus 
from each adenovirus subgroup in said (chimaeric) library xs 
desired because a desirable property may not be a generai 
property of a subgroup. Also, a desirable property of a 
5 s^roup of adenovirus may be expressed in different amounts 
. on the various me-Ooers of the subgroup. Ensuring that more 
than one representative of a subgroup is represented xn the 
library thus warrants the selection of the best expressor of 
the desired property. 
,0 Typically, a library of chimaeric adenoviruses or a part 
^ereot is used In screening assays to determine properties 
of said chimaeric adenoviruses. Any particular chimaerrc 
Idenovirus co^rising particularly desirable properties can 
thereby be identified and subsequently be used m, for 
,5 instance, the development of an in5>roved nucleic acxd 
delivery vehicle. Desirable properties said ohimaerxc 
TLaZns library may be screened for include, but are not 
limited to, target cell specificity, reduced immunogenxcxty, 
increased immunogenicity, re-directed neutralisation, re- 
» directed he,«gglutination. i-^roved infection effxcxency, 
reduced toxicity, in^roved replication and/or improved 
Tharmaco^netics such as altered tissue 

vivo administration. Comparison of propertxes of dxfferent 
chimaeric adenoviruses can lead to the delineation of 
.5 ade^irus elements involved in providing an adenovxrUB wxth 
stid property. Such knowledge can then be used to further 
optimize nucLic acid delivery vehicles. In one aspect the 
Invention provides a selection of (chimaeric, adenovxruses 
with an in^roved capacity to transduce "--Pf !^ 
30 fibroblast-llke cells compared to adenovirus 5, preferably 
said (chimaeric) adenoviruses comprise at least part of 
tissue tropism determining part of a fiber protein of an 
ad«K>virus of subgroup B, or a derivative and/or analogue of 
'said fiber protein. The invention further provxdes a 
35 selection of (chimaeric) adenoviruses with an improved 
capacity to transduce smooth muscle cells compared to 
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adenovirus 5. preferably said (chimaeric) adenoviruses 
coinprise at least part of a tissue tropism determining part 
of a fiber protein of an adenovirus of subgroup B. or a 
derivative and/or analogue of said fiber protein. A 
chimaeric adenovirus library of the invention may further be 
used to study adenovirus biology. Such a library is for 
instance very well suited to study differences in the 
biology of the various adenovirus serotypes. In one aspect 
the invention provides a selection of (chimaeric) 
adenoviruses, capable of transducing a CAR negative cell, 
preferably said CAR.negative cell is a amnion fluxd cell or 
a derivative thereof. Preferably said amnion fluid cell is a 
chorion villi cell or a derivative thereof. Preferably saxd 
CAR negative cell is a CAR negative hemopoietic cell, such 
; as but not limited to an erythroid precursor cell and/or a 
monocyte precursor cell and/or derivatives thereof. 
Preferably said (chimaeric) adenoviruses capable of 
transducing a CAR negative cell comprise at least an 
adenovirus receptor binding part of a fiber protein from an 
0 adenovirus of subgroup D or F. 

in one aspect the invention provides a chimaeric adenovirus 
comprising a re-directed neutralization pattern compared to 
adenovirus 5. Re-directed neutralization is useful in a 
number of circumstances. For instance, but not limited to, 
15 getting round pre-existing neutralizing antibodies in a 
patient administered with said chimaeric adenovirus. Pre- 
existing neutralizing antibodies would neutralize the 
adenovirus and thereby diminish the effective amount of 
virus administered. This effect is usually not desired in 
30 for instance gene therapy settings wherein a nucleic acid is 
to be delivered to target cells. However, pre-existing 
neutralizing antibodies can for instance in other gene 
therapy applications be an advantage when the nucleic acid 
of interest delivered through said chimaeric adenovirus 
35 should not be delivered to^ cells throughout the body. Local 
delivery for instance by using a needle in a solid tissue 



wo 00/03029 



PCT/NL99/00436 



11 



confined with the presence of neutralizing antibodies xn the 
blood that can neutralize leaking chimaeric adenovirus can 
in that case help to contain the transduction to a certain 
area . 

in another aspect the' invention provides a chimaeric 
adenovirus comprising a re-directed hemagglutination pattern 
compared to adenovirus 5. Re-directed hemagglutination is 
useful in a number of circumstances. Hemagglut mated 
material is preferentially taken up by macrophages and 
derivatives and/or precursors. Thus enhanced 
hemagglutination of a chimaeric adenovirus is preferred m 
case where enhanced delivery of nucleic acid to said 
macrophages is desired. However, in general the target cell 
will not be said macrophages thus in those cases a reduced 
hemagglutination is desired. A chimaeric adenovirus re- 
directed in its hemagglutination is useful for many 
applications which the person skilled art can now think of 
and thus form an integral part of the present invention. 



Detailed description. 

It has been demonstrated in mice that upon in vivo systemic 
delivery of recombinant adenovirus serotype 5 for gene 
therapy purposes approximately 99% of the virus is trapped in 
the liver (Herz et al, 1993). Therefore, alteration of the 
adenovirus serotype 5 host cell range to be able to target 
other organs in vivo is a major interest of the invention, 
particularly in combination with other alterations, in 
particular the immunogenic ity. 

The initial step for successful infection is binding of 
adenovirus to its target cell, a process mediated through 
fiber protein. The fiber protein has a trimeric structure 
(Stouten et al, 1992) with different lengths depending on 
the virus serotype (Signas et al 1985; Kidd et all 1993). 
Different serotypes have polypeptides with structurally 
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similar N and C termini, but different ndddle stem regions. 
H-terminally, the first 30 amino acids are involved in 
anchoring of the fiber to the penton base (Chroboc«k et al, 
1995) , especially the conserved FNPVYP region in the tail 
(Arnberg et al 1997) . The C-terminus, or Icnob, is 
responsible for initial interaction with the cellular 
adenovirus receptor. After this initial binding secondary 
binding betv«en the capsid penton base and cell -surface 
integrins leads to internalization of viral particles in 
coated pits and endocytosis (Morgan et al, 1969, Svensson et 
r its!; varga et al. 1992, Greber et al, 1993, wic«>a™ at 
al 1994) . integrins are ap-heterodimers of which at least 
14'a-subunits and 8 p-subunits have been identified (Hynes 
et al 1992) . The array of integrins expressed in cells is 
complex and will vary between cell types and cellular 
environment. Although the knob contains some 
regions, between serotypes. la.ob proteins show a high degree 
of variability., indicating that different 

receptors exist. For instance, it has been demonstrated that 
adenoviruses of subgroup C (Ad2. Ads) and adenoviruses of 
subgroup B (Ad3) bind to different receptors (Defner et al. 
X990) . The fiber protein also contains the type specific T- 
antigen. which together with the e-antigen of the hexon 
determines the serotype specificity. The rantigen is 
localized on the fiber and it is known that it — " °' 
17 amino acids (Eiz et al. 1997) . The anti-fiber antibodies 
of the host are therefore directed to the trimeric structure 
of the knob. The anti-fiber antibodies together with 
antibodies directed against the penton base and hexon 
, proteins are responsible for the neutralization of 

Lenovirus particles. First the anti-fiber antibodies uncoat 
the adenovirus particles after which the penton base is 
accessible to the anti-penton base antibodies (Gabery-segard 
et al. 1998) . Although this seems to be a very effective way 
5 to neutralize adenovirus particles others have described 
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that the anti-hexon antibodies are the most effective ones 
in neutralization of the particles (Gall et al, 1996) . 

To obtain re-directed infection of recombinant adenovirus 
5 serotype 5, several approaches have been or still are under 
investigation. Wickham et al has altered the RGD (Arg, Gly, 
Asp) motif in the penton base which is believed to be 
responsible for the avPs and avPs integrin binding to the 
penton base. They have replaced this RGD motif by another 
10 peptide motif which is specific for the a4Pl receptor. In 

this way targeting the adenovirus to a specific target cell 
could be accomplished (Wickham et al, 1995, 1996). Krasnykh 
et al has made use of the HI loop available in the knob. This 
loop is, based on X-ray crystallographies, located on the 
15 outside of the knob trimeric structure and therefore is 

thought not to contribute to the intramolecular interactions 
in the knob (Krasnykh et al, 1998). However, complete CAR 
independent infection was not observed. 

20 It is an object of the present invention to provide a method 
and means by which adenoviruses can be constructed with' an 
altered immune response, or with the absence or decreased 
infection in antigen presenting cells such as dendritic cells 
or macrophages. It is a further object of the present 

25 invention to provide methods for the generation of chiraaeric 
adenoviruses as described above which can be targeted to 
specific cell types in vitro as well as in vivo have an 
altered tropism for certain cell types. It is a further 
object of the present invention to provide a method and means 

30 by which such an adenovirus can be used as a protein or 
nucleic acid delivery vehicle to a specific cell type or 
tissue. 

The generation of chimaeric adenoviruses based on adenovirus 
serotype 5 with modified late genes is described. For this 
35 purpose, three plasmids, which together contain the complete 
adenovirus serotype 5 genome, were constructed. From these 
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plasmids the DNA encoding the adenovirus serotype 5 penton- 
base. protein, hexon protein, and fiber" protein were removed 
and replaced by linker DNA sequences which facilitate easy 
cloning. These plasmids subsequently served as template for 
the insertion of DNA encoding for penton-base protein, hexon 
protein, and fiber protein derived from different adenovirus, 
serotypes (human or animal) . The DNAs derived from the 
different serotypes were obtained using the polymerase chain 
reaction technique in combination with (degenerate) 
oligonucleotides. At the former El location in the genome of 
adenovirus serotype 5, any gene of interest can be cloned. A 
single transfection procedure of the three plasmids together 
resulted in the formation of a recombinant chimaeric 
adenovirus. This new technology of libraries consisting of 
chimaeric adenoviruses thus allows for a rapid screening for 
improved recombinant adenoviral vectors for in vitro and in 
vivo gene therapy purposes. 

Although successful introduction of changes in the 
adenovirus serotype 5 fiber and penton-base have been 
reported, the complex structure of knob and the limited 
knowledge of the precise amino acids interacting with CAR 
render such targeting approaches laborious and difficult. 
To overcome the limitations described above we used pre- 
existing adenovirus fibers, penton base proteins, and hexon 
proteins derived from other adenovirus serotypes. By 
generating chimaeric adenovirus serotype 5 libraries 
containing structural proteins of alternative adenovirus 
serotypes, we have developed a technology which enables 
rapid screening fbr a recombinant adenoviral vector with 
30 preferred characteristics. 



20 



25 



In one aspect this invention describes the use of chimaeric 
35 adenoviruses to overcome, natural existing or induced, 

neutralizing host activity towards recombinant adenoviruses 
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administered In Wvo for therapeutic applications. The host 
iMHune response is predominantly directed against penton 
base - and hexon proteins present in the adenoviral capsid 
and to a lesser extend directed to fiber. 
The adenovirus serotypes are defined by the inability to 
cross-react with neutralizing antibodies, in animal sera. 
Therefore chimaeric viruses based on for example adenovirus 
serotype 5 but chimaeric for penton base protein, and/ or 
hexon protein provoke an altered, less severe immune 
response. The need for such chimaeric adenoviruses is 
stressed by observations that 1) repeated systemic delivery 
of recombinant adenovirus serotype 5 is unsuccessful due to 
formation of high titers of neutralising antibodies against 
the recombinant adenovirus serotype 5 (Schulick et al, 
1997) , and 2) pre-existing or natural immunity. 
This aspect of the invention therefore circumvents the 
inability to repeat the administration of an adenovirus for 
gene therapy purposes. Preferably, the penton 
Ld fiber proteins are derived from adenoviruses in subgroup 
B and V and are nK,re specifically of the adenovirus serotype 
16, 24, 33, 36, 38, 39, 42, and 50. This latter i« 
these serotypes are rarely isolated from — 
that low titers of circulating neutralizing antibodies are 
present against these serotypes. 

in another aspect this invention describes =hi-eric 
adenoviruses and methods to generate these viruses that have 
an altered tropism different from that of adenovirus 
serotype S. For exan^le, viruses based on adenovirus 
. serotype 5 but displaying any adenovirus fiber existing in 
nature. This chimaeric adenovirus serotype 5 is able to 
infect certain cell types more efficiently, or less 
efficiently in vitro ««1 in vivo than the adenovirus 



35 



serotype 5. Such cells include but are not limited to 
endothelial cells, smooth muscle cells, dendritic cells, 
neuronal cells, glial cells, synovical cells, lung 
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epithelial cells, hemopoietic stem cells, monocytic/ 
macrophage cells etc. 

in another aspect this invention describes methods which 
5 identify chimaeric adenoviruses that display improved in 
vitro amplification in static or suspension cell cultures. 
Adenoviruses derived from different subgroups, but also 
within one subgroup, display a high variability in 
productive infection in cell types that are used for 
10 production of recombinant adenovirus. Table 2 lists an 
overview of different adenovirus serotypes and their 
association with human disease, demonstrating that 
replication of a given adenovirus serotype is enhanced in 
certain cell types. For the production of recombinant 
15 adenoviruses for gene therapy purposes, several cell lines 
are available. These include but do not limit PER.C6, 911, 
293 and El A549. These adenovirus producer cells may not be 
the' most suited cell types to amplify adenovirus serotype 5 
based viruses. Therefore, in this aspect of the invention we 
select adenoviruses from different serotypes based on their 
ability to propagate for example on PER.C6 and use their 
early genes (without El) and iTRs to construct chimaeric 
viruses which are superior in terms of propagation and thus 
yield higher titers as compared to commonly used adenovirus 
25 serotype 2 or 5. 

in another aspect the invention describes the construction 
and use of libraries consisting of distinct parts of 
adenovirus serotype 5 in which one or more genes or 

30 sequences have been replaced with DNA derived from 
alternative human or animal serotypes. This set of 
constructs, in total encompassing the complete adenovirus 
genome, allows for the construction of unique chimaeric 
adenoviruses customized for a certain group of patients or 

35 even a single individual. 
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in all aspects o£ the invention the chimeric adenoviruses 
^y. or not, contain deletions in the El region and 
Zertions of heterologous genes linked either or not to a 
pronvoter. Purthemore, chinaeric adenoviruses -Y- - 
not contain deletions in the E3 region and .nsertxons of 
heterologous genes linked to a pronoter. Furthermore, 
lireric adenoviruses .ay, or may not, contain deletions .n 
*e E2 and/ or E4 region and insertions of heterologous 
genes linked to a pro«>ter. In the latter case E2 and/ or B4 
complementing cell lines are required to generated 
recombinant adenoviruses. 

E^anpl. 1= Generation of adenovirus serotype 5 geno»ic 
plasmid clones 

The coni,lete genome of adenovirus serotype 5 has been cloned 
Into various plasmids or cosmids to allow easy 
of parts of the adenovirus serotype 5 genome, while still 
retaining the capability to produce reco^inant virus. For 
this purpose the following plasmids were generated: 

, rp./Ad.B.i - rT-T '"^"^'^ P?''""?^^^'- 
in order to facilitate blunt end cloning of the ITR 
rebels, wild-type hu^ adenovirus type = <'^^;> 
, treated with Klenow enzyme in the presence of ^c.s. ^Js^ 
I^ter inaotivation of the Klenow enzyme and purification by 
phenol/chloroform extraction followed by "hanol 
precipitation, the DNA was digested with BamHI . This DNA 
preparation was used without further purification in a 
» ligation reaction with pBr322 derived vector Dm prepared as 
follows. pBr322 im was digested with EcoRV and BamHI, 
dephosphorylated by treatment with TSAP enzyme (Life 
xr=hno!ogies, and purified on I^P agarose gel 
GTG) . After transformation into co«,.etent B.coU DHSa (Life 
35 Techn.) and analysis of an^iciline resistant colonies, ' 
clone was selected that showed a digestion pattern as 
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expected for an insert extending from the BatnHI site in Ad5 
to the right ITR. 

sequence analysis of the cloning border at the right ITR 
revealed that the most 3- G residue of the ITR was missing, 
the remainder of --he ITR was found to be correct . Said 
missing G residue is complemented by the other ITR during 
replication. 

-> pRr/Ad.P^I-^TTR (EC ^Pr Hp.posit P97082119). 
pBr/Ad.Bam-rlTR was digested with BamHI and Sail. The vector 
fragment including the adenovirus insert was isolated m LMP 
agarose (SeaPlaque GTG) and ligated to a 4.8 kb Sall-BamHI 
fragment obtained from wt Ad5 DNA and purified with the 
Geneclean II kit (Bio 101, Inc.). One clone was chosen and 
the integrity of the Ad5 sequences was determined by 
restriction enzyme analysis. Clone pBr/Ad.Sal-rlTR contains 
adeno type 5 sequences from the Sail site at bp 16746 up to 
and including the rITR (missing the most 3' G residue). 

-x pPtr/Ad.P^^-lR^'" tEC APr deposit P97082117) 

wt Adeno type 5 DNA was digested with Clal and BamHI, and the 
20 6 kb fragment was isolated from gel by electro-elution. 
pBr322 was digested with the same enzymes and purified from 
agarose gel by Geneclean. Both fragments were ligated and 
transformed into competent DH5a. The resulting clone 
pBr/Ad.Cla-Bam was analyzed by restriction enzyme digestion 
and shown to contain an insert with adenovirus sequences from 
bp 919 to 21566. 



30 



A pR^/gid.A f iTT-P^m fBCAPr deposit Pq708gH4) 

Clone pBr/Ad.Cla-Bam was linearized with EcoRI (in pBr322) 
and partially digested with Aflll. After heat inactivation of 
Aflll for 20- at 65«C the fragment ends were filled m with 
Klenow enzyme. The DNA was then ligated to a blunt double 
35 stranded oligo linker containing a Pad site (5'- 

AATTGTCTTAATIAACCGCTTAA-3'). This linker was made by 



PCT/NLW/004M 



19 



10 



annealing the following two oligonucleotides: 5'- 

^<^A.TT;^CCGC-3. and 5 -AATTGCG.TTA^™C-3 ■ , 
followed by blunting with Klenow enzyme. After precipitation 
of the ligated DNA to change buffer, the ligations were 
digested !ith an excess Pad enzyme to re«»ve concata^ers of 
the oligo. The 22016 bp partial fragn«nt containing Ad5 
s^encL fro. bp 3534 up to 21SS6 and the vector sequences, 
wafisolated in LMP agarose (SeaPlaque GTG) . religated and 
transfor^d into con^etent DH5a. One clone that was found to 
co^am the pad site and that had retained the large adeno 
was selected and se^enced at the = ' ^nd to^verif y 

V' ^ Pad linker in the (lost) Aflll 

correct insertion of tne Faci xxurwcx 



site. 



5 , ^. ^/.^ .^.-ri- r- r '---^^ p-.70«^i:'°) and 

^^ /j.. p.,n-.TTRHf. (Fr^rr d.^.pgsif P970g;i;i) . 
TO allow insertion of a Pad site near the ITR of Ad5 .n 
clone pBr/Ad.Bam-rlTR about 190 nucleotides were removed 
feLen the Clal site in the pBr322 bac«=one 
,0 the ITR sec^ences. This was done as follows, P^-^/^;^-"^^^ 
was digested with Clal and treated with nuclease Bal31 for 
varying lengths of tin« (2' . SMO' and ISM . The extent of 
nucleotide removal was followed by separate reactions on 
nucieoi-j. ^ . ^v,. rial site), using identical 

pBr322 DNA (also digested at the Clal site;, u g 
25 buffers and conditions. Bal31 enzyme was inactivated by 

incubation at 75«C for 10 minutes, the WK was precipitated 
and resuspended in a smaller volun» of TE buffer. To ensure 
TJ. end!, DNAS were further treated with T4 po^rase 
in the presence of excess dNTPs. After digestion of the 
30 (control) pBr322 DHA with Sail, satisfactory degradation 

(-150 bp) was observed in the samples treated for 10 or 15 
The 10' or 15' treated pBr/Ad.Bara-rlTR samples were then 
ligated to the above described blunted Pad linlcers (See 
pBr/Ad.Aflll-Bam) . Ligations were purified by precipitation. 
35 digested with excess Pad and separated from the linkers on 
an LMP agarose gel. After religation. DMAs were transformed 
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into competent DH5a and colonies analyzed. Ten clones were 
selected that showed a deletion of approximately the desired 
length and these were further analyzed by T-track sequencing 
(T7 sequencing kit, Pharmacia Biotech) . Two clones were found 
with the Pad linker inserted just downstream of the rITR. 
After digestion with Pad, clone #2 has 28 bp and clone #8 
has 27 bp attached to the ITR. 

pMR /Arl.Aflll-rITT? (ECACC d <^pns-it P97082116) 
Cosmid vector pWE15 (Clontech) was used to clone larger Ad5 
inserts. First, a linker containing a unique Pad site was 
inserted in the EcoRI sites of pWE15 creating pWE.pac. To 
this end, the double stranded Pad oligo as described for 
pBr/Ad.Aflll-BamHI was used but now with its EcoRI protruding 
i ends. The following fragments were then isolated by electro- 
elution from agarose gel: pWE.pac digested with Pad. 
pBr/Aflll-Bam digested with Pad and BamHI and pBr/Ad.Bam- 
rITR#2 digested with BamHI and Pad. These fragments were 
ligated together and packaged using 1 phage packaging 
0 extracts (Stratagene) according to the manufacturer's 

protocol. After infection into host bacteria, colonies were 
grown on plates and analyzed for presence of the complete 
insert. pWE/Ad.Af lII-rlTR contains all adenovirus type 5 
sequences from bp 3534 (Aflll site) up to and including the 
25 right ITR (missing the most 3' G residue) . 

pP^ ^aH 1TTT?-Sal(9 A) fECACC deposit P97082115) 

Adeno 5 wt DNA was treated with Klenow enzyme in the presence 

of excess dNTPs and subsequently digested with Sail. Two of 

30 the resulting fragments, designated left ITR-Sal(9.4) and 
Sal (16.7) -right ITR, respectively, were isolated in LMP 
agarose (Seaplaque GTG) . pBr322 DNA was digested with EcoRV 
and Sail and treated with phosphatase (Life Technologies) . 
The vector fragment was isolated using the Geneclean method 

35 (BIO 101, Inc.) and ligated to the Ad5 Sail fragments. Only 
the ligation with the 9.4 kb fragment gave colonies with an 
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insert. After analysis and sequencing of the cloning border a 
clone was chosen that contained the full ITR sequence and 
extended to the Sail site at bp 9462. 

-.^ /.^ ITTP-Sa M- ^^^^^^ P97082118] 
pBr/Ad.lITR-Sal{9.4) is digested with Sail and 
dephosphorylated (TSAP, Life Technologies) . To extend this 
Clone upto the third Sail site in AdS PB^M-Cl^Ba-as 
linearized with Ban«I and partially digested -^^/^^^^ ^ J 
kb sail fragment containing adenovirus sequences from 9462- 
16746 was isolated in LMP agarose gel and ligated to the 
Sall-digested pBr/Ad.lITR-Sal (9 .4) vector fragment. 
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ri^TpjTS'^ aflTT-EcoRI 

^:^:Z::^.e^ with Clal and 5. protruding ends were 
mied using Klenow en.y«e. The DNA was then digested wxth 
pad and isolated £rom agarose gel. p«E/A£lII-rITR was 
digested with EcoRI and after treatment with Klenow enzyme 
digested with Pad. The large 24 )cb fragn^nt conta.nxng the 
adenoviral sequences was isolated from agarose gel and 
itgated to thrclal-digested and blunted pWE.pao vector usxng 
the Ligation Express*^" kit from Clontech. After 
transformation of Ultraconpetent XLXO-Gold «lls from 
Stratagene, clones were identified that contained the 
e^ect!d insert. pWE/Aflll-EooRI contains Ad5 sequences from 
bp 3534-27336. 

The absence of sequence overlap between the recombinant 
adenovirus and El sequences in the packaging cell Une is 
essential for safe. RCA-free generation and P-Pas"-" 
new recombinant viruses. The adapter plasmid P"^^^-'^'^ 
(figure. 1) is an example of an adapter plasmid designed for 
use according to the invention in combination "''j.'^''' 
improved packaging cell lines of the invention. This plasmid 
was used as the starting material to make a new vector m 
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which nucleic acid molecules conj,rising specific prouoter and 
gene sequences can be easily exchanged. 

First a PCR fragment was generated from pZip/^o.PyFlOl (N ) 

template DNA (described in PCT/NL96/00195) with the fcllowing 

nr^rs LTR-l: S'-CTG TAC GTA CCA GTG CAC TGG CCT AGG CAT 

ATfcAT AAC TG-3 ' and LTR-2, S-GCG GAT CCT TCG AAC 

^ ^ L CTT GGT ACC GCT AGC GTT AAC CGG GCG ACT CAG TCA 

ATC G-3.. Pwo DNA polymerase (Bcehringer Mannheim.) was used 

according to manufacturers protocol with the following 
accoraing , ^ ^, 

, temperature cycles: once S • at 95 C, 3 at 
72»C, and 30 cycles of 1' at 95 J. 

followed by once 10' at 72»C. The PCR product was then 
digested with Ban«I and ligatad into pMLPlo (I^evrero et al., 
1591) vector digested with PvuII and BamHI, thereby 

5 cenerating vector pLTRlO. This vector contains adenoviral 
sequences from bp 1 up to bp 4B4 followed by a promoter 
co^isting Of a part of the «o-MuLV .TR having .ts ^ d-type 
enhancer sequences replaced by the enhancer from a mutant 

vir!^ <PyF101) . The promoter fragment was designated 

„ ^20 Next, the coding region of the murine HSA gene was 
"seated. PLTRIO was digested with BstBI followed by Klenow 
treatment and digestion with Ncol. The HSA gene was obtained 
Tpramplification on pUClS-HSA <Kay et al., 1990, using 

CI rrn rCA CCA TGG GCA GAG CGA 
i-v,*» following primers: HSAl, 5 ' -GCG cc-a 
, Z C-3. and HSA2, S-GTT AGA TCT AAG CTT OTC GAC ATC GAT 

CTA CIA ACA GTA GAG ATG TAG AA-3 ■ . The 269 bp anpUfied 
^tgL" "s subcloned in a shuttle vector using the Hcol and 

Bgm Sites, sequencing -^^^J-:^^^:^ T^^r. 

correct coding sequence of the HSA gene, d . 
30 TAG insertion directly following the TAG stop codon. The 

coling region of the HSA gene, including the TAG dupUcat.on 

T:Ln excised as a Ncol (stic.y,-Sa» (blunt, fragment and 

cloned into the 3.5 kb Ncol (stiCcy, /BstBI (blunt) fragment 

from Pl-TRIO, resulting in pLTR-HSAlO. 
35 plnally, pLTR-HSAlO was digested with EcoRI and Ba,«I after 

'hich lhe fragment containing the left ITR. paC^ging Signal, 
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L420 promoter and HSA gene was inserted into vector pMLPI.TK 
digested with the same enzymes and thereby replacing the 
promoter and gene sequences. This resulted in the new adapter 
plasmid pAd/L420-HSA (figure. 2) that contains convenient 
recognition sites for various restriction enzymes around the 
promoter and gene sequences. SnaBI and Avrll can be combined 
with Hpal, Nhel, Kpnl, Hindlll to exchange promoter 
sequences, while the latter sites can be combined with the 
Clal or BamHI sites 3 ' from HSA coding region to replace 
genes in this construct. 

Another adapter plasmid that was designed to allow easy 
exchange of nucleic acid molecules was made by replacing the 
promoter, gene and poly A sequences in pAd/L420-HSA with the 
CMV promoter, a multiple cloning site, an intron and a poly-A 
signal. For this purpose, pAd/L420-HSA was digested with 
Avrll and Bglll followed by treatment with Klenow to obtain 
blunt ends. The 5.1 kb fragment with pBr322 vector and 
adenoviral sequences was isolated and ligated to a blunt 1570 
bp fragment from pcDNAl/amp (Invitrogen) obtained by 
digestion with Hhal and Avrll followed by treatment with T4 

DNA polymerase. This adapter plasmid was named pCLIP.Luc 

(figure. 3) . 

n^npratipr^ »f T-ecom V ^-in^nt adenoviruses 

TO generate El deleted recombinant adenoviruses with the new 
plasmid-based system, the following constructs are prepared: 

a) An adapter construct containing the expression cassette 
with the gene of interest linearized with a restriction 
enzyme that cuts at the 3 • side of the overlapping adenoviral 
genome fragment, preferably not containing any pBr322 vector 
sequences , and 

b) A complementing adenoviral genome construct pWE/Ad.Aflll- 
rITR digested with Pad. 

These two DNA molecules are further purified by phenol/ 
chloroform extraction and EtOH precipitation. Co-transfection 
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of these plasmids into an adenovirus packaging cell line, 
preferably a cell line according to the invention, generates 
recombinant replication deficient adenoviruses by a one-step 
homologous recombination between the adapter and the 
complementing construct (figure. 4) . 

Alternatively, in stead of pWE/Ad.Af lII-rlTR other fragments 
can be used, e.g., pBr/Ad.Cla-Bam digested with EcoRI and 
BamHI or pBr/Ad.Af lII-BamHI digested with Pad and BamHI can 
be combined with pBr/Ad. Sal-rlTR digested with Sail. In this 
case, three plasmids are combined and two homologous 
recombinations are needed to obtain a recombinant adenovirus 
(figure. 5) . It is to be understood that those skilled in the 
art may use other combinations of adapter and complementing 
plasmids without departing from the present invention. 
A general protocol as outlined below and meant as a non- 
limiting example of the present invention has been performed 
to produce several recombinant adenoviruses using various 
adapter plasmids and the Ad.Af lII-rlTR fragment. Adenovirus 
packaging cells (PER.C6) were seeded in -25 cm^ flasks and 
the next day when they were at "80% confluency, transfected 
with a mixture of DNA and lipof ectamine agent (Life Techn.) 
as described by the manufacturer. Routinely, 40 iil 
lipof ectamine, 4 ^9 adapter plasmid and 4 ^9 of the 
complementing adenovirus genome fragment Aflll- rITR (or 2 lis 
of all three plasmids for the double homologous 
recombination) are used. Under these conditions transient 
transfection efficiencies of "50% (48 hrs post transf ection) 
are obtained as determined with control transfections using a 
pAd/CMV-LacZ adapter. Two days later, cells ar6 passaged to 
-80 cm^ flasks and further cultured. Approximately five (for 
the single homologous recombination) to eleven days (for the 
double homologous recombination) later a cytopathogenic 
effect (CPE) is seen, indicating that functional adenovirus 
has formed. Cells and medium are harvested upon full CPE and 
recombinant virus is released by freeze -thawing. An extra 



wo 00/03029 



PCT/NL99/00436 



25 



10 



IS 



20 



30 



35 



amplification step in an 80 cm^ flask .is routinely performed 
to increase the yield since at the initial stage the titers 
are foiond to be variable despite the occurrence of full CPE. 
After amplification, viruses are harvested and plaque 
purified on PER.C6 cells. Individual plaques are tested for 
viruses with active transgenes. 

Besides replacements in the El region it is possible to 
delete or replace (part of) the E3 region in the adenovirus 
because E3 functions are not necessary for the replication, 
packaging and infection of the (recombinant) virus. This 
creates the opportunity to use a larger insert or to insert 
more than one gene without exceeding the maximum package size 
(approximately 105% of wt genome length) . This can be done, 
e.g., by deleting part of the E3 region in the pBr/Ad.Bam- 
rlTR clone by digestion with Xbal and religation. This 
removes Ad5 wt sequences 28592-30470 including all known E3 
coding regions. Another example is the precise replacement of 
the coding region of gpl9K in the E3 region with a polyUnker 
allowing insertion of new sequences. This, 1) leaves all 
other coding regions intact and 2) obviates the need for a 
heterologous promoter since the transgene is driven by the E3 
promoter and pA sequences, leaving more space for coding 

sequences. . . 

To this end, the 2.7 kb EcoRI fragment from wt Ad5 containing 
the 5 • part of the E3 region was cloned into the EcoRI site 
of pBluescript (KS') (Stratagene) . Next, the Hindlll site in 
the polylinker was removed by digestion with EcoRV and Hindi 
and subsequent religation. The resulting clone pBS.Eco- 
Eco/ad5DHIII was used to delete the gpl9K coding region. 
Primers 1 (5--GGG TAT TAG GCC AA AGG CGC A-3 ' ) and 2 (5 '-GAT 
CCC ATG GAA OCT TGG GTG GCG ACC CCA GCG-3') were used tO 
amplify a sequence from pBS .Eco-Bco/Ad5DHIII corresponding to 
sequences 28511 to 28734 in wt Ad5 DNA. Primers 3 (5 '-GAT CCC 
ATG GGG ATC CTT TAG TAA GTT ACA AAG CTA-3 • ) and 4 (5'-GTC GCT 
GTA GTT GGA CTG G-3 ' ) were used on the same DNA to amplify 
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Ad5 sequences from 29217 to 29476. The two resulting PGR 
fragments were ligated together by virtue of the new 
introduced Ncol site and subsequently digested with Xbal and 
Munl. This fragment was then ligated into the pBS .Eco-Eco/ad5 
AHIII vector that was digested with Xbal (partially) and Muni 
generating pBS.Eco-Eco/ad5AHIII.Agpl9K. To allow insertion of 
foreign genes into the Hindi 1 1 and BamHI site, an Xbal 
deletion was made in pBS .Eco-Eco/ad5AHIII .Agpl9K to remove 
the BamHI site in the Bluescript polylinker. The resulting 
plasmid pBS.Eco-Eco/ad5AHIIlAgpl9KAXbaI, contains unique 
Hindlll and BamHI sites corresponding to sequences 28733 
(Hindlll) and 29218 (BamHI) in Ad5. After introduction of a 
foreign gene into these sites, either the deleted Xbal 
fragment is re- introduced, or the insert is recloned into 
15 pBS.Eco-Eco/ad5AHIII.Agpl9K using Hindlll and for example 
Muni. Using this procedure, we have generated plasmids 
expressing HSV-TK, hIL-la, rat IL-3, luciferase or LacZ. The 
unique Srfl and NotI sites in the pBS.Eco-Eco/ad5AHIII .Agpl9K 
plasmid (with or without inserted gene of interest) are used 
to transfer the region comprising the gene of interest into 
the corresponding region of pBr/Ad.Bam-rlTR, yielding 
construct pBr/Ad.Bam-rITRAgpl9K (with or without inserted 
gene of interest) . This construct is used as described supra 
to produce recombinant adenoviruses. In the viral context, 
expression of inserted genes is driven by the adenovirus E3 
promoter . 

Recombinant viruses that are both El and E3 deleted are 
generated by a double homologous recombination procedure as 
described above for El -replacement vectors using a plasmid- 
30 based system consisting of: 

a) an adapter plasmid for El replacement according to the 
invention, with or without insertion of a first gene of 
interest , 

b) the pWE/Ad.Aflll-EcoRI fragment, and 

c) the pBr/Ad.Bam-rITRAgpl9K plasmid with or without 
insertion of a second gene of interest. 
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in addition to manipulations in the E3 region, changes of 
(parts of) the E4 region can be accomplished easily in 
pBr/Ad.Bam-rlTR. Generation and propagation of such a virus, 
however, in some cases demands complementation in trans. 

Example 2: Generation of adenovirus serotype 5 based viruses 
with chiiaaeric fiber proteins 

The method described infra to generate recombinant 
adenoviruses by co-transfection of two, or more separate 
cloned adenoviral sequences. These cloned adenoviral 
sequences were subsequently used to remove specific 
adenovirus serotype 5 sequences in order to generate template 
clones which allow for the easy introduction of DNA sequences 
derived from other adenovirus serotypes. As an example of 
these template clones, the construction of plasmids enabling 
swapping of DNA encoding for fiber protein is given below. 

r.^r,^-r;.t:ion .H^novirus ^^r«p^.t^. clonPS lacking DNA encoding 
fiber 

The fiber coding sequence of adenovirus serotype 5 is located 
between nucleotides 31042 and 32787. To remove the adenovirus 
serotype 5 DNA encoding fiber we started with construct 
pBr/Ad.Bam-rlTR. First a Ndel site was removed from this 
construct. For this purpose, pBr322 plasmid DNA was digested 
with Ndel after which protruding ends were filled using 
Klenow enzyme. This pBr322 plasmid was then re-ligated, 
digested with Ndel and transformed into E.coli DH5a. The 
obtained pBr/ANdel plasmid was digested with Seal and Sail 
and the resulting 3198 bp vector fragment was ligated to the 
15349 bp Scal-Sall fragment derived from pBr/Ad.BamrlTR, 
resulting in plasmid pBr/Ad.Bam-rlTRANdel which hence 
contained a unique Ndel site. Next a PCR was performed with 
oligonucleotides NY-up: 5'- CGA CAT ATG TAG ATG CAT TAG TTT 
GTG TTA TGT TTC AAC GTG-3 ' 
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And NY-dovm:5'-GGA GAG CAC TGC CAT GTT-3 ' (figure 6) . During 
amplification, both a Ndel (bold face) and a Nsil restriction 
site (underlined) were introduced to facilitate cloning of 
the amplified fiber DNAs. Amplification consisted of 25 
cycles of each 45 sec. at 94»C, 1 min. at eo^C, and 45 sec. 
at 72°C. The PGR reaction contained 25 pmol of 
oligonucleotides NY-up or NY-down, 2mM dNTP, PGR buffer with 
1.5 mM MgCl2, and 1 unit of Elongase heat stable polymerase 
(Gibco, The Netherlands) . One-tenth of the PGR product was 
run on an agarose gel which demonstrated that the expected 
DNA fragment of ± 2200 bp was amplified. This PGR fragment 
was subsequently purified using Geneclean kit system (BiolOl 
Inc.). Then, both the construct pBr/Ad.Bam-rlTRANdel as well 
as the PGR product were digested with restriction enzymes 
Ndel and Sbf I . The PGR fragment was subsequently cloned using 
T4 ligase enzyme, into the Ndel and Sbfl digested pBr/Ad.Bam- 
rlTRANdel, generating pBr/Ad.BamRAFib. This plasmid allows 
insertion of any PGR amplified fiber sequence through the 
unique Ndel and Nsil sites that are inserted in place of the 
removed fiber sequence. Viruses can be generated by a double 
homologous recombination in packaging cells described infra 
using an adapter plasmid, construct pBr/Ad.Af lII-EcoRI 
digested with Pad and EcoRI and a pBr/Ad . BamRAFib construct 
in which heterologous fiber sequences have been inserted. To 
increase the efficiency of virus generation, the construct 
pBr /Ad. BamRAFib was modified to generate a Pad site flanking 
the right ITR. Hereto, pBr /Ad . BamRAFib was digested with 
Avrll and the 5 kb adeno fragment was isolated and introduced 
into the vector pBr/Ad.Bam-rITR.pac#8 replacing the 
corresponding Avrll fragment. The resulting construct was 
named pBr/Ad . BamRAFib . pac . Once a heterologous fiber sequence 
is introduced in pBr /Ad . BamRAFib . pac , the fiber modified 
right hand adenovirus clone may be introduced into a large 
cosmid clone as described for pWE/Ad.Aflll-rlTR in example 1. 
such a large cosmid clone allows generation of adenovirus by 
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only one homologous recombination making the process 
extremely efficient. 

^^ piifinatior^ fibP.r ae g^^^T.^^^ from adenovirus serotypes 
TO enable amplification of the DNAs encoding fiber protein 
derived from alternative serotypes degenerate 
oligonucleotides were synthesized. For this purpose, first 
known DNA sequences encoding fiber protein of alternative 
serotypes were aligned to identify conserved regions in both 
the tail-region as well as the knob-region of the fiber 
protein. From the alignment, which contained the nucleotide 
sequence of 19 different serotypes representing all 6 
subgroups, (degenerate) oligonucleotides were synthesized 
(see table 3) . Also shown in table 3 is the combination of 
oligonucleotides used to amplify the DNA encoding fiber 
protein of a specific serotype. The amplification reaction 
(50 \xl) contained 2 mM dNTPs, 25 pmol of each 
oligonucleotide, standard Ix PGR buffer, 1,5 mM MgCl2, and 1 
unit Pwo heat stable polymerase (Boehringer) per reaction. 
The cycler program contained 20 cycles, each consisting of 30 
sec. 60 sec. 60.64«C, and 120 sec. at 12''C. One-tenth of 

the PCR product was run on an agarose gel which demonstrated 
that a DNA fragment was amplified. Of each different 
template, two independent PCR reactions were performed after 
which the independent PGR fragments obtained were sequenced 
to determine the nucleotide sequence. From 11 different 
serotypes, the nucleotide sequence could be compared to 
sequences present in GenBank. Of all other serotypes, the DNA 
encoding fiber protein was unknown till date and was 
therefore aligned with known sequences from other subgroup 
members to determine homology i.e. sequence divergence. Of 
the 51 human serotypes known to date, all fiber sequences, 
except for serotypes 1, 6, and 26, have been amplified and 
sequenced. The protein sequences of the fiber from different 
adenovirus serotypes is given in figure 7. 
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f;e>neration of fiber chimaeric adenov iral DNA ronatructs 

All amplified fiber DNAs as well as the vector (pBr/Ad . BamRA 

Fib) were digested with Ndel and Nsil. The digested DNAs was 

5 subsequently run on a agarose gel after which the fragments 
were isolated from the gel and purified using the Geneclean 
kit (BiolOl Inc) . The PGR fragments were then cloned into the 
Ndel and Nsil sites of pBr/AdBamRAFib, thus generating 
pBr/AdBamRFibXX (where XX stands for the serotype number of 

10 which the fiber DMA was isolated) . So far the fiber sequence 
of serotypes 5/ 7/ 8/ 9/ 10/ 11/ 12/ 13/ 14/ 16/ 17/ 19/ 21/ 
24/ 27/ 28/ 29/ 30/ 32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-L/ 
41-S/ 42/45/ 47/ 49/ 51 have been cloned into 
pBr/AdBamRFibXX. From pBr/AdBamRFibXX (where XX is 5/ 8/ 9/ 

15 10/ 11/ 13/ 16/ 17/ 24/ 27/ 30/ 32/ 33/ 34/ 35/ 38/ 40-S/ 40- 
L/ 45/ 47/ 49/ 51) an 6 kb Avrll fragment enconqpassing the 
fiber sequence was isolated via gel electrophoresis and 
Geneclean. This Avrll fragment was subsequently cloned in 
plasmid pBr/Ad.Bam-rlTR.pac (see example 1) which was 

20 digested to completion with Avrll and dephosphorylated as 
described previously, leading to the generation of the 
plasmid pBr/Ad.Bam-rlTR.pac. f ibXX. This plasmid was 
subsequently used to generate a cosmid clone with a modified 
fiber using the constructs pWE.pac, pBr/Af lII-Bam and 

25 pBr/Ad.Bam-rlTR.pac.fibXX. This cosmid cloning resulted in 
the formation of construct pWE/Ad.Af lII-rlTR/FibXX (where XX 
stands for the serotype number of which the fiber DNA was 
isolated) . 

30 Generation of pAd5/L420.HSA, pAdS/Clip and pAdS/Clipsal 

pMLPI.TK was used to make a new vector in which nucleic acid 
molecules comprising specific promoter and gene sequences can 
be easily exchanged. 

First, a PGR fragment was generated from pZipAMo+PyFlOl (N") 
35 template DNA (described in PCT/NL96/00195) with the following 
primers: LTR-1: 5 ' -CTG TAG GTA CGA GTG CAC TGG CCT AGG GAT 
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GGA AAA ATA CAT AAC TG-3 ' and LTR-2: S'-GCG GAT CCT TCG A^C 
CAT GOT AAG CTT GOT ACC GCT AGC GTT AAC CGG GCG ACT CAG TCA 
;,TC G-3' Pwo DNA polymerase (Boehringer Mannheim) was used 
according to manufacturers protocol with the following 
temperature cycles: once 5- at 95«C; 3- at 55«C; and 1 at 
720C and 30 cycles of 1' at 950C, 1' at 60«C, 1' at 72 C, 
followed by once 10' at 72«C. The PGR product was then 
digested with BamHI and ligated into pMLPlO (Levrero et al., 
1991- Gene 101, 195-202) digested with PvuII and BatnHI, 
thereby generating vector pLTRlO. This vector contains 
adenoviral sequences from bp 1 up to bp 454 followed by a 
promoter consisting of a part of the Mo-MuLV LTR havxng xts 
wild- type enhancer sequences replaced by the enhancer from a 
mutant polyoma virus (PyFlOl) . The promoter fragment was 
designated L420. Sequencing confirmed correct amplification 
of the LTR fragment however the most 5' bases in the PGR 
fragment were missing so that the PvuII site was not 
restored. Next, the coding region of the murine HSA gene was 
inserted. pLTRlO was digested with BstBI followed by Klenow 
treatment and digestion with Ncol. The HSA gene was obtained 
by PGR amplification on pUC18-HSA (Kay et al., 1990; J. 
in^nunol. 145, 1952-1959) using the following primers: H Al 
5.. GCG CCA CCA TGG GCA GAG CGA TGG TGG C-3 • and HSA2, 5 -GTT 
AGA TCT AAG CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG 
AA-3' The 269 bp amplified fragment- was subcloned m a 
shuttle vector using the Ncol and Bglll sites. Sequencing 
confirmed incorporation of the correct coding sequence of the 
HSA gene, but with an extra TAG insertion directly following 
the TAG stop codon. The coding region of the HSA gene, 
including the TAG duplication was then excised as a 
NcoI (sticky) -Sall(blunt) fragment and cloned into the 3.5 kb 
NcoI (sticky) /BstBKblunt) fragment from pLlTllO, resulting m 

pLTR-HSAlO. J „ uT .-F^or- 

Finally, pLTR-HSAlO was digested with EcoRI and BamHI after 

. which the fragment containing the left ITR, P^^^^^^ 

M20 promoter and HSA gene was inserted into vector pMLPI.TK 
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digested with the same enzymes and thereby replacing the 
promoter and gene sequences. This resulted in the new adapter 
plasmid pAd5/L420-HSA that contains convenient recognition 
sites for various restriction enzymes around the promoter and 
gene sequences, SnaBI and Avrll can be .combined with Hpal, 
Nhel, Kpnl, Hindlll to exchange promoter sequences, while the 
latter sites can be combined with the Clal or BamHI sites 3 ■ 
from HSA coding region to replace genes in this construct. 

Another adapter plasmid that was designed to allow easy 
exchange of nucleic acid molecules was made by replacing the 
promoter, gene and polyA sequences in pAd5/L420-HSA with the 
CMV promoter, a multiple cloning site, an intron and a polyA 
signal. For this purpose, pAd5/L420-HSA was digested with 
Avrll and Bglll followed by treatment with Klenow to obtain 
blunt ends. The 5.1 kb fragment with pBr322 vector and 
adenoviral sequences was isolated and ligated to a blunt 1570 
bp fragment from pcDNAl/amp (Invitrogen) obtained by 
digestion with Hhal and Avrll followed by treatment with T4 
DNA polymerase. This adapter plasmid was named pAdS/Clip. To 
enable removal of vector sequences from the adenoviral 
fragment pAdS/Clip was partially digested with EcoRI and the 
linear fragment was isolated. An oligo of the sequence 5' 
TTAAGTCGAC-3 ' was annealed to itself resulting in a linker 
with a Sail site and EcoRI overhang. The linker was ligated 
to the partially digested pAd5/Clip vector and clones were 
selected that had the linker inserted in the EcoRI site 23 bp 
upstream of the left adenovirus ITR in pAdS/Clip resulting in 
pAd5/Clipsal. 



ri^ri^T-ation »f T^Ad5Clic > T.af.Z . nAdSCIiP.Luc. pAdSClip.TK and 

pAd?;glip 8al.Luc 

The adapter plasmid pAd5/Clip.LacZ was generated as 
follows: The E.coli LacZ gene was amplified from the plasmid 
pMLP.nlsLacZ (EP 95-202 213) by PGR with the primers 
5'GGGGTGGCCAGGGTACCTCTAGGCTTTTGCAA and 
5«GGGGGGATCCATAAACAAGTTCAGAATCC. The PGR reaction was 
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performed Ex Taq (Takara) according to the suppliers 
protocol at the following amplification program: 5 minutes 
94°C, 1 cycle; 45 seconds 94°C and 30 seconds 60°C and 2 
minutes 72°C, 5 cycles; 45 seconds 94°C and 30 seconds 65°C 
and 2 minutes 72''C, 25 cycles; 10 minutes 72; 45 seconds 94»C 
and 30 seconds 60°C and 2 minutes 72''C, 5 cycles, I cycle. 
The PGR product was subsequently digested with Kpnl and 
BamHI and the digested DNA iEragment was ligated into 
KpnI/BamHI digested pcDNA3 (Invitrogen) , giving rise to 
pcDNA3.nlsLacZ. Next, the plasmid pAd5/Clip was digested 
with Spel. The large fragment containing part of the 5" part 
CMV promoter and the adenoviral sequences was isolated. The 
plasmid pcDNA3 .nlsLacZ was digested with Spel and the 
fragment containing the 3 -part of the CMV promoter and the 
15 lacZ gene was isolated. Subsequently, the fragments were 

ligated, giving rise to pAd/ Clip. LacZ. The reconstitution of 
the CMV promoter was confirmed by restriction digestion. 



10 



20 



The adapter plasmid pAdS /Clip. Luc was generated as 
follows: The plasmid pCMV.Luc (EP 95-202 213) was digested 
with Hindlll and BamHI. The DNA fragment containing the 
lucif erase gene was isolated. The adapter plasmid pAd5/Clip 
was digested with Hindlll and BamHI, and the large fragment 
was isolated. Next, the isolated DNA fragments were ligated, 
25 giving rise to pAd5 /Clip. Luc. The adapter pClipsal.Luc was 
generated in the same way but using the adapter pClipsal 
digested with HIII and BamHI as vector fragment. Likewise, 
the TK containing HIII-BamHI fragment from pCMV.TK (EP 95- 
202 213) was inserted in pClipsal to generate pAd5/Clip .TK. 
The presence of the Sail site just upstream of the left ITR 
enables liberation of vector sequences from the adeno 
insert. Removal of these vector sequences enhances frequency 
of vector generation during homologous recombination in 
PER.C6. 



30 
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f jif^npration of recombinant adenovirus chimaeric for fiber 
protein 

To generate recombinant Ad 5 virus cari^ring the fiber of 
serotype 12, 16, 28, 40-L, 51, and 5, three constinicts, 

5 pCLIP.Luc, pWE/AdAflll-Eco and pBr/AdBararlTR.pac/f ibXX (XX « 
12, 16, 28, 40-L, 51, and 5) were transfected into adenovirus 
producer cells. To generate recombinant Ad 5 virus carrying 
the fiber of 5/ 7/ 8/ 9/ 10/ 11/ 12/ 13/ 14/ 16/ 17/ 19/ 21/ 
24/ 27/ 28/ 29/ 30/ 32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-L/ 

10 41-S/ 42/45/ 47/ 49/ 51, two constructs pCLIP.Luc and 
pWE/Ad.Aflll-rlTR/FibXX were transfected into adenovirus 
producer cells. 

For transfection, 2 |ig of pCLIP.Luc, and 4 ng of both 
pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/f ibXX (or in case of 
15 cosmids: 4 \ig of pCLIP.Luc plus 4 fig of pWE/Ad.Aflll- 

rlTR/FibXX) were diluted in serum free DMEM to lOO jil total 
volume. To this DNA suspension 100 ^1 Ix diluted 
lipofectamine (Gibco) was added. After 30 minutes at room 
tenperature the DNA- lipofectamine complex solution was added 
20 to 2.5 ml of serum- free DMEM which was siabsequently added to 
a T25 cm^ tissue culture flask. This flask contained 2x10 
PER.C6 cells that were seeded 24 -hours prior to transfection. 
Two hours later, the DNA- lipofectamine complex containing 
medium was diluted once by the addition of 2.4 ml DMEM 
25 supplemented with 20% fetal calf serum. Again 24 hours later 
the medium was replaced by fresh DMEM supplemented with 10% 
fetal calf serum. Cells were cultured for 6-8 days, 
subsequently harvested, and freeze/thawed 3 times. Cellular 
debris was removed by centrifugation for 5 minutes at 3000 
30 rpm room temperature. Of the supernatant (12.5 ml) 3-5 ml was 

2 

used to infect again infect PER.C6 cells (T80 cm tissue 
culture flasks) . This re- infection results in full 
cytopathogenic effect (CPE) after 5-6 days after which the 
adenovirus is harvested as described above. With the 
35 generated virus batch two assays were routinely performed. 1) 
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20 \il virus supernatant, diluted 10-fold by the addition of 
1980 Hi DMEM was used to infect A549 cells that were seeded 
24 -hours prior to infection at a concentration of 10^ cells 
per well of 6 -well plates. Porthy-eight hours later protein 
lysates were prepared that were subsequently used to measure 
marker gene expression (luciferase activity) . 2) 20 nl virus 
supernatant is used to determine the virus titer on human 911 
cells. For this purpose, 911 cells are seeded at a 
concentration of 4x10^ cells per well in 96-well plates. 
Three to four hours after seeding, the medium was replaced by 
adenovirus supernatant {dilution range: 2 nl - 5 x 10 ^xl) • 
The virus titers of the chimaeric fiber adenovirus serotype 5 

always exceeded 1 x 10® infectious units per ml. 

15 Example 3: Production, purification, and titration of 
chimaeric adenoviruses 

Of the supernatant obtained from transfected PER.C6 cells 
typically 10 ml was used to inoculate a 1 liter fermentor 
which contained 1 - 1.5 x 10« cells/ ml PER.C6 that were 
20 specifically adapted to grow in suspension. Three days after 
inoculation, the cells were harvested and pelleted by 
centrifugating for 10 min at 1750 rpm at room ten5)erature . 
The chimaeric adenoviruses present in the pelleted cells were 
subsequently extracted and purified using the following 
25 downstream processing protocol. The pellet was dissolved in 
50 ml 10 mM NaPO," and frozen at -20''C. After thawing at SV'C, 
5.6 ml deoxycholate (5% w/v) was added after which the 
solution was homogenated. The solution was subsequently 
incubated for 15 minutes at 37»C to crack the cells. After 
30 homogenizing the solution, 1875 ^1 (IM) MgCl,' was added and 
5 ml 100% glycerol. After the addition of 375 \il DNase (10 
mg/ ml) the solution was incubated for 30 minutes at 37''C. 
Cell debris was removed by centrifugation at ISBOxg for 30 
minutes at room temperature without the brake on. The 
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supernatant was subsequently purified from proteins by 
loading on 10 ml of freon. Upon centrifugation for 15 minutes 
at 2000 rpm without brake at room teirperature three bands 
were visible of which the upper band represents the 

5 adenovirus. This band was isolated by pipetting after which 
it was loaded on a Tris/HCl (IM) buffered caesium chloride 
blockgradient (range: 1.2 to 1.4 gr./ml). Upon centrifugation 
at 21000 rpm for 2.5 hours at 10*^C the virus was purified 
from remaining protein and cell debris since the virus, in 

10 contrast to the other components, did not migrate into the 

1.4 gr./ ml cesium chloride solution. The virus band was 
isolated after which a second purification using a Tris/ HCl 
(IM) buffered continues gradient of 1.33 gr./ml of cesium 
chloride is performed. After virus loading on top of this 

15 gradient the virus was centrifuged for 17 hours at 55000 rpm 
at 10°C. Subsequently the virus band was isolated and after 
the addition of 30 ^il of sucrose (50 w/v) excess cesium 
chloride is removed by three rounds of dialysis, each round 
comprising of 1 hour. For dialysis the virus is transferred 

20 to dialysis slides (Slide-a-lizer, cut off 10000 kDa, Pierce, 
USA) . The buffers used for dialysis are PBS which are 
supplemented with an increasing concentration of sucrose 
(round 1 to 3 : 30 ml, 60 ml, and 150 ml sucrose (50% w/v) / 

1.5 liter PBS, all supplemented with 7.5 ml 2% (w/v) 

25 CaMgClj) . After dialysis, the virus is removed from the 

slide-a^lizer after which it is aliquoted in portions of 25 
and 100 ^1 upon which the virus is stored at -85*^C. 

To determine the number of virusparticles per 
milliliter, 50 \xl of the virus batch is run on an high 

30 perfoinnance liquid chromatograph columns (HPLC) . The 

adenovirus is bound to the column (anion exchange) after 
which it is eluted using a NaCl gradient (range 300-600 mM) . 
By determining the area under the viruspeak the number of 
virus particles can be calculated. To determine the number of 

35 infectious units (lU) per ml present in a virus batch, 
titrations are performed on 911 cells. For this puiTpose, 
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4X10^ 911 cells are seeded per well of 96 -well plates in rows 
B, D, and F in a total volume of 100 ^1 per well. Three hours 
after seeding the cells are attached to the plastic support 
after which the medium can be removed. To the cells a volume 
of 200 Hi is added, in duplicate, containing different 
dilutions of virus {range: 10^ times diluted to 2x10') . By 
screening for CPE the highest virus dilution which still 
renders CPE after 14 days is considered to contain at least 
one infectious unit. Using this observation, together with 
the calculated amount of virus volume present in these wells 
renders the number of infectious units per ml of a given 
virus batch. The production results i.e. virus particles per 
ml and lU per ml or those chimaeric adenoviruses that were 
produced so far, are shown in table 4. 

Exan^le 4: Re-directed infection of chli«aeric adenoviruses 

To demonstrate re-directed infection in vitro of the 
adenoviruses chimaeric for fiber protein, a panel of human 
cell lines of different origins was used. This panel includes 
amongst others human hepatic cells, primary fibroblasts, 
hemopoietic derived cell lines, primary smooth muscle cells, 
primary synoviocytes, and primary cells derived from the 
amniotic fluid such as amniocytes and chorionvilli . These 
cell types were infected with a panel of chimaeric 
adenoviruses which differ in the fiber protein. For this 
purpose target cells are seeded at a concentration of 10^ 
cells per well of 6-well plates in 2 ml- Dulbecco- s modified 
Eagle's medium (DMEM, Life Technologies, The Netherlands) 
supplemented with 10% Fetal calf serum. Twenty-four hours 
later the medium is replaced by fresh medium containing the 
different chimaeric adenoviruses at an increasing MOI of 0, 
10 50, 250, 1250, 2500, 5000 (MOI based on virus particles 
per cell) . Approximately 2 hours after the addition of virus 
the medium containing the virus is discarded, cells are 
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washed once with PBS, and subsequently 2 ml of fresh medium 
(not containing virxis) is added to each well. Forthy-eight 
hours later cells are harvested, washed and pelleted by 
centrifugating 5 minutes at 1500 rpm.. Cells are subsequently 
lysed in 0,1 ml lysis buffer (1% Triton-X-100, 15% Glycerol, 
2 inM EDTA, 2 mM DTT, and 25 mM MgCl, in Tris -phosphate buffer 
pH 7.8) after which the total protein concentration of the 
lysate is measured (Biorad, protein standard II) . To 
determine marker gene expression (lucif erase activity) 20 ^1 
of the protein sample is mixed with 100 ^il of a luciferase 
substrate (Lucif erine, Promega, The Netherlands) and 
subsequently measured on a Lumat LB 9507 apparatus (EG & G 
Berthold, The Netherlands) . The results of these infection 
experiments, given as the amount of luciferase activity (RLU) 
per fig protein, are shown in Table 5. These results clearly 
demonstrate that alteration of the fiber protein results in 
alteration of the adenovirus serotype 5 host range. 

Example 5: Receptor usage of Fiber chimaeric adenoviruses 

To determine what cellular molecules are used by the fiber 
chimaeric adenoviruses the expression of proteins known to be 
involved in adenovirus serotype 5 infection i.e. Coxsackie 
adenovirus receptor (CAR), MHC class I, and integrins (avps, 
avp5) was measured. For this purpose, IxlO' target cells were 
transferred to tubes (4 tubes per cell type) designed for 
flow cytometry. Cells were washed once with PBS/ 0.5% BSA 
after which the cells were pelleted by centrifugation for 5 
minutes at 1750 rpm at room temperature. Subsequently, 10 \il 
of a 100 times diluted o^ps antibody (Mab 1961, Brunswick 
cheraie, Amsterdam, The Netherlands), a 100 times diluted 
antibody a^p5 (antibody (Mab 1976, Brxanswick chemie, 
Amsterdam, The Netherlands) , or 2000 times diluted CAR 
antibody (a kind gift of Dr. Bergelson, Harvard Medical 
School, Boston, USA (Hsu et al)) was added to the cell pellet 
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after which the cells were inciibated for 30 minutes at 4°C in 
a dark environment. After this incvibation, cells were washed 
twice with PBS/0.5% BSA and again pelleted by centrifugation 
for 5 minutes at 1750 rpm room temperature. To label the 
cells, 10 \il of rat anti mouse IgGl labeled with 
phycoerythrine (PE) was added to the cell pellet upon which 
the cells were again incubated for 30 minutes at 4''C in a 
dark environment. Finally the cells were washed twice with 
PBS/0.5% BSA and analyzed on a flow cytometer. The results of 
these experiments are shown in table 6. Also, in table 6 the 
infection efficiency of an adenovirus from subgroup A, B, C, 
D, and F is incorporated. These data clearly show that 
infection of a subgroup C adenovirus correlates with 
expression of CAR. The data also demonstrate that the 
15 chimaeric adenoviruses carrying a fiber of an adenovirus of 
subgroup B, D, or F can infect cells that do not express 
measurable levels of the CAR protein thus being able to 
infect cells via different (CAR- independent) pathways. 

20 Example 6: Radiolabeling of adenovirus particles 

To enable tracking of infection of the wild type 
adenovirus serotypes, these viruses were labeled with 
radioactive i"3/i«5 ^,ith fluorescent probes prior to 
infection. Using fluorescent microscopy or by measuring 

25 radioactivity, the efficiency of infection of different 
serotypes into particular cell types is determined. 
To demonstrate re-directed infection in vivo of adenovirus 
chimaeric for fiber protein, Ixio' infectious particles were 
injected via the tail vein into CBA/ca mice (2 mice for each 

30 chimaeric adenovirus) . Detection of adenovirus infection into 
specific tissues is monitored on two different levels: 
1) Binding of chimaeric adenovirus is monitored by radioactive 
labeling the adenovirus (Eisenlohr et al., 1987; Matlin et 
al., 1981; Richman et al, 1998). One hour after in vivo 

35 systemic delivery via the tail vein mice are sacrificed after 
which preferred is investigated by measuring radioactivity in 
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various organs c.q. tissues. 2) Successful infection is 
nranitored by adenovirus gene expression of the marker gene 
i.e. lacZ or lucif erase activity. Four days after 
administration mice are sacrificed after which organs and 
tissues are isolated. Samples included liver, spleen, 
gastrointestinal tract, peripheral blood, bone marrow, aorta, 
muscle etc. Using this strategy, preferred binding of 
chimaeric adenovirus towards tissues of interest can be 
investigated. Moreover, using this strategy, preferred 
infection of chimaeric adenovirus into specific cells of 
particular organs can be determined. 

80 nCi I*" (Cygne BV, The Netherlands) or l"' (Amersham) was 
activated by incubation for six minutes at RT in an lodogen 
pre-coated tube (Pierce) in 100 [il iodination buffer (25 mM 
Tris, pH8, 0.4 M NaCl) . The radiolabeling reaction was 
started by transferring the activated Iodide to an Eppendorf 
txibe containing 1,5.10" adenovirus particles in 100 ^l 
iodination buffer. The reaction was allowed to proceed for 
nine minutes at RT, after which incorporated label was 
separated from free label by gelf iltration, using a Sephadex 
25 column (P-10, Pharmacia) . To this end, a P-lO column was 
pre-washed with 10 ml PBS buffer and sxibsequently loaded with 
the radiolabeling reaction, supplemented with two ml of 
iodination buffer. After discarding the first flow- through, 
the column was eluted with PBS buffer in 0.5 ml steps, and 
the different fractions were collected in separate tubes. 
Free label, which is slowed down by the column, was 
concentrated in fractions 10-16. Radiolabeled virus particles 
accumulated predominantly in fractions 4, 5 and 6, 
corresponding to a total eluted volume of 2-3 ml. The 
radioactivity of these virus -containing fractions was 
measured and expressed as counts per minute (cpm) , resulting 
in up to 5.10^ cpm per lO" virus particles. 
Several control experiments were conducted to ensure the 
integrity of the virus particles after the various 
manipulations. For instance, one reaction was included in 
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which the virus particles underwent identical treatment but 
with the omission of radioactive Iodide. Eluted virus 
particles were subsequently used to infect A549 cells. The 
amount of infected cells was established by the expression of 

5 a visual marker gene such as LacZ. In addition, small 
aliquots of those eluted fractions that represented 
radiolabeled adenovirus were used to infect A549 cells to 
test the expression of the transgene, which was taken as an 
indication for virus viability of the specific virus batch 

10 used. 

The radiolabeled virus particles can subsequently be 
used for various in vitro and in vivo studies to determine 
the affinity for different cell types or for different 
organs. For in vitro studies, different cell lines such as 

15 for instance HUVEC (human umbilical vein endothelial cells) 
or SMC (smooth muscle cells) are seeded in 24-well plates in 
the appropriate culture medium, and infected with 
radiolabeled adenovirus particles at a multiplicity of 
infection of 10, 100 and 1000. As a control, cells are 

20 incubated with a similar amount of free Iodide. Two hours 
after infection, cells are extensively washed with PBS 
buffer, and the remaining radioactivity measured. The amount 
of radioactivity that remains associated with the cells, 
corrected for the amount of radioactivity of the control 

25 cells incxibated with free label, is a direct measure for the 
amount of virus that is attached to or has penetrated the 
cells. 

For in vivo studies, the biodistribution of adenoviruses 
that differ only in the origin of their fiber proteins was 

30 compared. To this end, rats were placed under general 

anesthetic and 0.1-2 MBq of radiolabeled adenovirus particles 
was intravenously (iv) administered into the tail vein. As a 
control, one rat received a comparable dose of free Iodide 
only. The animals were subsequently placed onto a gamma 

35 scanner and scanned for 10 minutes, to localize the source of 
the gamma radiation and thus to determine the in vivo 
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biodistribution of systemically introduced adenovirus. After 
one hour, animals were sacrificed and the major -organs 
removed for weighing and for accurate quantification of 
radioactivity using a scintillation counter. The distribution 
of radioactivity in various organs after iv is expressed as 
cpm per gram tissue, and is shown in figure 8. 



Example 7: Infection of human primary cells from amniotic 
fluid. 

In Table 5 (example 4) infection results are shown on both 
amniotic cells and chorionvilli . These cell types are 
isolated from the amniotic fluid and cultured ex vivo under 
standard conditions (Roest et al, 1996). Such cells are ideal 
targets to use for prenatal diagnosis. For instance, in some 
cases (approximately 50-100 yearly) prenatal diagnosis of 
muscular dystrophin is impossible using standard techniques 
such as reverse- transcribed PGR or DNA PGR because the 
mutations in the dystrophin gene are unknown and the level of 
dystrophin produced in non-differentiated chorionvilli or 
amnionvilli cells is very low. In these cases isolation and 
fast differentiation of predominantly chorionvilli cells is 
performed. These chorionvilli are subsequently infected with 
a retrovirus (Roest et al, 1996) or an adenovirus carrying 
the MyoD cDNA (Roest et al, 1999) which, upon transduction, 
triggers the chorionvilli to differentiate into striated 
muscle cells within one week. After complete differentiation 
these cells can then be used for Western analysis, or 
immunohistochemistry to determine whether the dystrophin 
protein is expressed. To date, the infection efficiency of 
chorionvilli cells has been disappointing with only 2-5% of 
cells transduced with a retrovirus (Roest et al, 1996) . Using 
a serotype 5 adenovirus to deliver the MyoD cDNA to 
chorionvilli approximately 10%-20% (Roest et al, 1999) of 
the cells can be transduced but only when using high 
multiplicity of infection (MOI) which results in undesired 
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toxicity and thus cell death. The results in Table 5 clearly 
demonstrate that the adenovirus serotype 5 is not an ideal 
candidate for transducing chorionvilli cells since only 
marginal lucif erase activity is measured (75 RLU/ ng protein) 

5 at the highest MOI tested (MOI = 5000 viruspar tides per 
cell) . These results are confirmed using flow cytometry for 
the presence of the Coxsackie adenovirus receptor (CAR) and 
integrins which demonstrates that the receptors for 
adenovirus serotype 5 are only marginally present on 

10 chorionvilli (Table 6) . Surprisingly, the adenovirus serotype 
5 based vector containing a fiber of either subgroup B (fiber 
16 and/or 51) or subgroup F (fiber 40-L) both transduce the 
chorionvilli with high efficiency. The vector which does 
best, based on lucif erase .activity is the adenovirus 5 with 

15 fiber 40-L which results in 1,688,028 relative light units 
per ng of protein, >20,000 fold increased transgene 
expression as compared to adenovirus serotype 5. This vector 
can thus be used to transduce cells present in the amniotic 
fluid to allow fast differentiation for p\irposes described 

20 above, for inhibiting gene expression during prenatal 
development, or to transfer and express nucleic acid of 
interest to the amniotic fluid. 



25 Exaii5)le 8: Generation of adenovirus serotype 5 based viruses 
with chimaeric hexon protein. 

The method described infra to generate recombinant 
adenoviruses by co-transf action of two, or more separate 
cloned adenovirus sequences. These cloned adenoviral 
30 sequences were subsequently used to remove specific 
adenovirus serotype 5 sequences in order to generate 
template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an 
example of these tenplate clones, the construction of 
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plasmids enabling swapping of DNA encoding for hexon protein 
is given. 

r.or,^^^^,ion r.f ari^novin i^ f^^molate rIonPfi lacking DNA 
encodir q for hexon 

Hexon coding sequences of adenovirus serotype 5 are located 
between nucleotides 18841 and 21697. To facilitate easy 
exchange of hexon coding sequences from alternative 
adenovirus serotypes into the adenovirus serotype 5 backbone, 
first a shuttle vector was generated. This subclone, coded 
pBr/Ad.Eco-Pmel, was generated by first digesting plasmid 
pBr322 with EcoRI and EcoRV and inserting the 14 kb Pmel- 
EcoRI fragment from pWE/Ad.Af lII-Eco. In this shuttle vector 
a deletion was made of a 1430 bp SanDI fragment by digestion 
with SanDI and religation to give pBr/Ad.Eco-Pmel ASanDI. The 
removed fragment contains unique Spel and Muni sites. From 
pBr/Ad.Eco-PmelASanDI the adenovirus serotype 5 DNA encoding 
hexon was deleted. Hereto, the hexon flanking sequences were 
PGR amplified and linked together thereby generating unique 
restriction sites replacing the hexon coding region. For 
these PGR reactions four different oligonucleotides were 
required: Ahexl-Ahex4. Ahexl: 5 • - CCT GGT GCT GCC AAC AGC-3' 
Ahex2: 5'- CCG QAT G CA CTA GTG GAA AGC GGG CGC GCG-3 • 
Ahex3: 5'- CCG GAT CSA_ATI-SAG AAG CAA GCA ACA TCA ACA AC-3' 
Ahex4: 5'- GAG AAG GGC ATG GAG GCT G-3 ' (See figure 9) . 
The amplified DNA product of ± 1100 bp obtained with 
oligonucleotides Ahexl and Ahex2 was digested with BamHI and 
Fsel. The amplified DNA product of ± 1600 bp obtained with 
oligonucleotides Ahex3 and Ahex4 was digested with BamHI and 
Sbfl These digested PGR fragments were subsequently purified 
from agarose gel and in a tri-part ligation reaction using T4 
ligase enzyme linked to pBr/Ad.Eco-Pmel ASanDI digested with 
Fsel and Sbfl. The resulting construct was coded pBr/Ad.Eco- 
PmeAHexon. This construct was sequenced in part to confirm 
the correct nucleotide sequence and the presence of unique 
restriction sites Muni and Spel. 
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7vn, pHfif-at-ir.n of hexon se miences from adenovinis serotypes 
To enable amplification of the DNAs encoding hexon protein 
derived from alternative serotypes degenerate 
5 oligonucleotides were synthesized. For this purpose, first 
known DNA sequences encoding for hexon protein of alternative 
serotypes were aligned to identify conserved regions in both 
the N-terminus as well as the C-terminus of the Hexon 
protein. From the alignment, which contained the nucleotide 
10 sequence of 9 different serotypes representing 5 of the 6 
known subgroups, {degenerate) oligonucleotides were 
synthesized. These oligonucleotides were coded HEX-up (5-- GG 
ACGTGT AAG ATG GCY ACC CCH TCG ATG MTG- 3') and HEX-down (5'- 
CCA TCG ATG GTT ATG TKG TKG CGT TRC CGG C -3 ' ) . The 
15 amplification reaction (50 ^1) contained 2 mM dNTPs, 25 pmol 
of each oligonucleotide, standard Ix PGR buffer, 1,5 itiM 
MgCl2, and 1 Unit Pwo heat stable polymerase (Boehringer) per 
reaction. The cycler program contained 20 cycles, each 
consisting of 30 sec. 94''C, 60 sec. 60-64'>C, and 120 sec. At 
20 72'C. One-tenth of the PGR product was run on an agarose gel 
which demonstrated that a DNA fragment was amplified. Of each 
different template, two independent PGR reactions were 
performed after which the independent PGR fragments obtained 
were sequenced to determine the nucleotide sequence. From 9 
25 different serotypes, the nucleotide sequence could be 
compared to sequences present in GenBank. Of all other 
serotypes, the nucleotide sequence encoding the Hexon protein 
is unknown. So far, of each serotype, except for serotypes 1, 
8, 13, and 18, the hexon sequence has been PGR amplified. The 
30 protein sequence of the hexon of serotypes 34, 35, 36, and 41 
is given in figure 10. 

r^^»^■r^^^nn of H^von chim a «>ric adenoviral DNA constructs 

35 All amplified hexon DNAs as well as the vector (pBr/Ad.Eco- 
PmeAHexon) were digested with Muni and Spel. The digested 
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DNAs was subsequently run on a agarose gel after which the 
fragments were isolated* from the gel and purified using the 
Geneclean kit (BiolOl Inc) . The PGR fragments were then 
cloned into the Muni and Spel sites of pBr/Ad-Eco-PmeAHexon, 

5 thus generating pBr/Ad.Eco-PmeAHexXX (where XX stands for the 
serotype number of which the fiber DNA was isolated) , So far 
the hexon sequence of serotypes 2, 3, 4, 5, 7, 9, 10, 11, 14, 
15, 16, 19, 20, 22, 23, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37, 38, 40, 41, 42, 43, 46, 47, 48, 49, 50, 51 

10 have been cloned into pBr/Ad.Eco-PmeAHexXX. From pBr/Ad.Eco- 
PmeAHexXX (where XX is 20, 25, 26, 28, 30, 34, 35) a 9-6 kb 
AscI fragment encompassing the hexon sequence was isolated 
via gelelectrophoresis and an agarase protocol (Boehringer 
Mannheim, The Netherlands) . This AscI fragment was 

15 subsequently cloned in cosmid pWE/Ad.Af lII-rlTRsp (see 

example 1) which was digested to conqpletion with AscI and 
deposphorylated as described previously. This cosmid cloning 
resulted in the formation of construct pWE/Ad.Af III- 
rITR/HexXX (where XX stands for the serotype number of which 

20 the hexon DNA was isolated) 

Generation of recombinant adenovirus chimaeric for hexon 
protein 

To generate recombinant Ad 5 vims carrying the hexon of 
25 alternative serotypes two constructs, pCLIP.Luc, 

pWE/Ad.Aflll-rlTR/HexXX were transfected into adenovirus 
producer cells. For transf ection, 4 p.g of pCLIP.Luc, and 4 ng 
of pWE/Ad.Aflll-rlTR/HexXX were diluted in serum free DMEM to 
100 jil total volume. To this DNA suspension 100 pil 2/3 x 
30 diluted lipof ectamine (Gibco) was added. After 30 minutes at 
room temperature the DNA- lipof ectamine con^lex solution was 
added to 2.5 ml of serum- free DMEM which was subsequently 

added to a T25 cm^ tissue culture flask (cells washed with 5 
ml serumfree medium prior to addition of DNA- lipof ectamine 

35 complex) . This flask contained 3 x 10^ PER.C6 cells that were 
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^.d 24-hours prior to transf ection. Two hours later, the 

by the addition of 2.5 .1 PMBM supplemented with 2°* j^"^ 
talf serum. Again 24 hours later the mediu. was replaced hy 
fresh DMEM supple««nted with 10% fetal calf serum^ Cells 
...Itured for 6-8 days, subsequently harvested, and 
Treere/thawed. Cellular debris was re.»ved hy centrifu.at.on 
for 5 minutes at 3000 rpm room temperature. Of the 
supernatant (12.5 ml) 3-5 ml was used to agaxn .nfect PER.C6 

cells (T80 cm^ tissue culture flasks) . 




15 



20 



2S 



TO demonstrate an altered ir-une response towards ch.maeric 
adenoviruses, we first tested 75 sera derived from human 
pftients (25 cancer patients. 50 rheumatoid arthrxt.s 
Ttient:, for toxicity on human ni cells. For th.s purpose, 
cells were seeded at a concentration of 3x10 cells per 
: n\n ..-well microtiter plates. t^^^tl, 
the medium of all wells, except for wells Al-Hl, A5 H5, an 
;,9.H9 was replaced by 50 m DME« supplemented w.th 5% fetal 
cllf serum. To wells Al, A2, Bl, and B2, 50 .1 patient serum 
r"as added. Li>cewise, To wells CX, C2, Dl, and D2, 50 m of 
patient serum 2 was added etc. Subsequently, 50 ^1 of wells 
^.H2 were transferred to A3.H3 after which 50 .1 of wells 
;^.H3 was transferred to A4-H4. Thus this test 

^ in a serum dilution of Ox, 2x. 4x, and 8x for each 
rtlelf s rul ^ntical treatment of wells AS.H5 through AS- 

and TZ. through A12-H12 results in 12 sera tested per 
. Len microtiter plate. Prom 75 human patient sera tested 
Ar. total 25 sera with no apparent toxicity on human 911 
xn total, se presence of antibodies 

""Lr" TZTZ ZZrZ adenovirus infection. Por 
:r p:r:lr-well Lrotiter Plates were filled with SO . 
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1 DMEM supplemented with 5% fetal calf serum except for wells 
Al-Hl. To wells Al, A2, Bl, and B2, 50 \il patient serum 1 was 
added. Likewise, to wells CI, C2, Dl, and D2, 50 ^1 patient 
serum 2 was added etc. Subsequently, 50 \il of wells A2-H2 
5 were transferred to wells A3-A4 after which 50 ^il of A3-H3 
was transferred to A4-H4 etc. until A12-H12 (dilution range: 
0 - 1/ 2048) . From wells A12-H12, 50 ^1 was discarded. Next, 
50 \il of virus was added after which the microtiter plates 
were incubated for 1 hour at 37''C. Upon the addition of 50 ^il 

10 911 cell -suspension (3 x lo'* cells/ well) plates were 

incvibated for 7-9 days after which neutralizing capacity was 
scored by the absence, presence, or severity of CPE. As 
controls during these experiments absence of serum, absence 
of virus, and absence of serum and virus were taken. Based on 

15 these experiments several chimaeric viruses are identified 

towards which little neutralizing antibodies are generated by 
humans. Similar experiments as described above are performed 
with wildtype adenovirus serotypes from both human as well as 
animals to screen for serotypes which are less prone to 

20 neutralization due to the host defense system. These 

experiments although similar are developed in such a way that 
it allows high throughput screening of many samples at once. 
This assay is described below. 

25 A high throughput assay for the det ection of ne\itraliginq 
activity in human serum 

To enable screening of a large amount of human sera for the 
presence of neutralizing antibodies against all adenovirus 
30 serotypes, an automated 96 -wells assay was developed. 
Human sera 

A panel of 100 individuals was selected. Volunteers (50% 
male, 50% female) were healthy individuals between 20 and 60 
years old with no restriction for race. All volxinteers signed 
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an informed consent form. People professionally involved in 
adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two 
hours after sampling, the blood was. centrifuged at 2500 rpm 
for 10 minutes. Approximately 30 ml serum was transferred to 
polypropylene t\abes and stored frozen at -20*C until further 
use . 

Serum was thawed and heat -inactivated at 56**C .for 10 
minutes and then aliquotted to prevent repeated cycles of 
freeze/thawing. Part was used to make five steps of twofold 
dilutions in medium (DMEM, Gibco BRL) in a quantity enough to 
fill out approximately 70 96-well plates. Aliquots of 
undiluted and diluted sera were pipetted in deep well plates 
(96-well format) and using a programmed platemate dispensed 
in 100 ^1 aliquots into 96-well plates. This way the plates 
were loaded with eight different sera in duplo (100 nl/viell) 
according to the scheme below: 
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Sl/32 
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Where Sl/2 to 88/ 2 in columns 1 and 6 represent Ix diluted 
sera and Sx/4, Sx/8, Sx/16 and Sx/32 the twofold serial 
dilutions. The last plates also contained four wells filled 
with 100 III fetal calf serum as 'a negative control. 
25 Plates were kept at -20*C until further use. 
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Preparation of human adenovirus stocks 

Prototypes of all knoVm human adenoviruses were inoculated on 
T25 flasks seeded with PER.C6 cells (Fallaux et al., 1998) 
and harvested upon full CPE. After freeze/thawing 1-2 ml of 
the crude lysates were used to inoculate a T80 flask with 
PER.C6 cells and virus was harvested at full CPE. The time 
frame between inoculation and occurrence of CPE as well as 
the amount of virus needed to re -infect a new culture, 
differed between serotypes. Adenovirus stocks were prepared 
by freeze /thawing and used to inoculate 3-4 T175 cm^ three- 
layer flasks with PER.C6 cells. Upon occurrence of CPE, cells 
were harvested by tapping the flask, pelleted and virus was 
isolated and purified by a two step CsCl gradient as follows. 
Cell pellets were dissolved in 50 ml 10 raM NaPO« buffer (pH 
7.2) and frozen at -20''C. After thawing at SV^C, 5.6 ml 
sodium deoxycholate (5% w/v) was added. The solution was 
mixed gently and incubated for 5-15 minutes at ST'C to 
completely lyse the cells. After homogenizing the solution, 
1875 til IM MgCl^ was added. After the addition of 375 /xl 
DNase (10 mg/ml) the solution was incubated for 30 minutes at 
37°C. Cell debris was removed by centrifugation at ISBOxg for 
30 minutes at RT without brake. The supernatant was 
subsequently purified from proteins by extraction with freon 
(3x) . The cleared supernatant was loaded on a IM Tris/HCl 
buffered cesium chloride blockgradient (range: 1.2/1.4 gr/ml) 
and centrifuged at 21000 rpm for 2.5 hours at 10°C. The virus 
band is isolated after which a second purification using a IM 
Tris/HCl buffered continues gradient of 1.33 gr/ml of cesium 
chloride was performed. The virus was then centrifuged for 17 
hours at 55000 rpm at 10°C. The virus band is isolated and 
sucrose (50 % w/v) is added to a final concentration of 1%. 
Excess cesium chloride is removed by dialysis (three times 1 
hr at RT) in dialysis slides (Slide-a-lizer , cut off 10000 
kDa, Pierce, USA) against 1.5 Itr PBS supplemented with CaClj 
(0.9 TtiM) , MgClj (O.StnM) and an increasing concentration of 
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sucrose (1, 2, 5%). After dialysis, the virus is removed from 
the slide-a-lizer after which it is aliquoted in portions of 
25 and 100 \l\ upon which the virus is stored at -85''C. 
To determine the number of virus particles per milliliter, 50 
^1 of the virus batch is riin on a high-pressure liquid 
chromatograph (HPLC) as described by Shabram et al (1997) . 
Viruses were eluted using an NaCl gradient ranging from 0 to 
600 mM. As depicted in table I, the NaCl concentration by 
which the viruses were eluted differed significantly among 
serotypes . 

Most human adenoviruses replicated well on PER.C6 cells 
with a few exceptions. Adenovirus type 8 and 40 were grown on 
911-E4 cells (He et al., 1998). Purified stocks contained 
between 5xl0" and 5xl0" virus particles/ml (VP/ml) 



Titration of purified human adenovirus stocks 
Adenoviruses were titrated. on PER.C6 cells to determine the 
amount of virus necessary to obtain full CPE in five days, 
the length of the neutralization assay. Hereto, 100 ^1 medium 
was dispensed into each well of 96 -well plates. 25 til of 
adenovirus stocks prediluted 10*, lOS 10* or lO' times were 
added to column 2 of a 96 -well plate and mixed by pipetting 
up and down 10 times. Then 25 fil was brought from column 2 to 
column 3 and again mixed. This was repeated until column 11 
after which 25 fil from column 11 was discarded. This way 
serial dilutions in steps of 5 were obtained starting off 
from a prediluted stock. Then 3x10* PER.C6 cells were added 
in a 100 fil volume and the plates were incubated at 37 ^, 5% 
COj for five or six days- CPE was monitored microscopically. 
The method of Reed and Muensch was used to calculate the cell 
culture inhibiting dose 50% (CCID50) . 

In parallel identical plates were set up that were 
analyzed using the MTT assay (Promega) . In this assay living 
cells are quantified by colorimetric staining. Hereto, 20 /zl 
MTT (7.5 mgr/ml in PBS) was added to the wells and incubated 
at 37 5% COj for two hours. The supernatant was removed 
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and 100 ;xl of a 20:1 isopropanol/triton-XlOO solution was 
added to the wells. The plates were put on a 96-wells shaker 
for 3-5 minutes to solubilise precipitated staining. 
Absorbance was measured at 540 nm and at 690 nm (background) . 
By this assay wells with proceeding CPE or full CPE can be 
distinguished. 



Neutralization assay 

96 -well plates with diluted human serum samples were thawed 
at 37 ^, 5% COj. Adenovirus stocks diluted to 200 CCID50 per 
50 nl were prepared and 50 /xl aliquots were added to columns 
1-11 of the plates with serum. Plates were incubated for 1 
hour at 37^, 5% COj. Then 50 /xl PER.C6 cells at SxloVml were 
dispensed in all wells and incubated for 1 day at 37 ^, 5% 
COj. Supernatant was removed using fresh pipet tips for each 
row and 200 /xl fresh medium was added to all wells to avoid 
toxic effects of the serum. Plates were incubated for another 
4 days at 37 ^C, 5% CO^. In addition, parallel control plates 
were set up in duplo with diluted positive control sera 
generated in rabbits and specific for each serotype to be 
tested in rows A and B and with negative control serum (PCS) 
in rows C and D. Also, in each of the rows E-H a titration 
was performed as described above with steps of five times 
dilutions starting with 200 CCID50 of each virus to be 
tested. On day 5 one of the control plates was analyzed 
microscopically and with the MTT assay. The experimental 
titer was calculated from the control titration plate 
observed microscopically. If CPE was fovind to be complete, 
i.e. the first dilution in the control titration experiment 
analyzed by MTT shows clear cell death, all assay plates were 
processed. If not, the assay was allowed to proceed for one 
or more days until full CPE was apparent after which all 
plates were processed. In most cases the assay was terminated 
at day 5. A serum sanple is regarded to be non-neutralizing 
when at the highest serum concentration a maximum protection 
is seen of 40% compared to the controls without serum. 
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ExaEiple 9: Generation of Ad5 based viruses with chimaeric 
pen ton proteins 

5 The method descrrbed infra to generate recombinant 

adenoviruses by co-transf ection of two, or more separate 
cloned adenovirus sequences. These cloned adenoviral 
sequences were subsequently used to remove specific 
adenovirus serotype 5 sequences in order to generate template 

10 clones which allow for the easy introduction of DNA sequences 
derived from other adenovirus serotypes . As an example of 
these template clones, the construction of plasmids enabling 
swapping of DNA encoding for penton protein is given. 

15 Generation of adenovirus template clones lacking DNA 
encoding for penton 

First a shuttle vector for penton sequences was made by 
insertion of the 7.2 kb Nhel-EcoRV fragment from construct 

20 pWE/Ad.Af lII-EcoRI (described in example 1) into pBr322 
digested with the same enzymes. The resulting vector was 
named pBr/XN. From this plasmid Ad5 penton sequences were 
deleted and replaced by unique restriction sites that are 
then used to introduce new penton sequences from other 

25 serotypes. Hereto, the left flanking sequences of penton in 
pBr/XN were PGR amplified using the following primers; 
DP5-F: 5*- CTG TTG CTG CTG CTA ATA GC-3 ' and 
DP5-R: 5'- CGC GGA TCC T GT ACa^ ACT AAG GGG AAT ACA AG-3 • 
DP5-R has an BamHI site (underlined) for ligation to the 

30 right flanking sequence and also introduces a unique BsrGI 
site (bold face) at the 5 ' -end of the former Ad5 penton 
region . 

The right flanking sequence was amplified using: 
DPS-F: 5 '-CGC GGA TCC CTT AAG GCA AGC ATG TCC ATC CTT-3' and 
35 DP3-3R: 5^- AAA ACA CGT TTT ACG CGT CGA CCT TTC-3 ' 
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DP3-F has an BamHI site (londerlined) for ligation to the left 
flanking sequence and also introduces a unique Aflll site 
(bold face) at the 3 ■ -end of the former AdS penton region. 
The two resulting PGR fragments were digested with BamHI and 
ligated together. Then this ligation mixture was digested 
with Avrll and Bglll. pBr/XN was also digested with Avrll and 
Bglll and the vector fragment was ligated to the digested 
ligated PGR fragments. The resulting clone was named pBr/Ad.A 
penton. Penton coding sequences from serotypes other than AdS 
were PGR amplified such that the 5' and 3' ends contained the 
BsrGI and Af III sites respectively. Introduction of these 
heterologous penton sequences in pBr/Ad. Apenton generates 
constructs named pBr/Ad.pentonXX where XX represents the 
number of the serotype corresponding to the serotype used to 
15 amplify the inserted penton sequences. Subsequently the new 
penton sequences were introduced in the pWE/Ad.Af lII-rlTR 
construct by exchanging the common Fsel fragment. 
In5)ortantly, in stead of pWE/Ad.Af lII-rlTR it is also 
possible to insert the Fsel fragment from pBr/Ad . pentonXX 
into a pWE/Ad.Afllll-rlTR/HexXX or an pWE/Ad.Af llll- 
rlTR/FibXX vector having a modified hexon and/or fiber . 
sequence respectively. In this way the plasmid-based system 
to generate adenoviruses enables flexible design of any 
adenovirus with any desired characteristic concerning 
efficiency and specificity of infection of the target cell as 
well as immunogenicity . 



20 



25 



amplification of penton sequenc e s from adenovirus serotypes 
30 To enable amplification of the DNAs encoding penton protein 
derived from alternative serotypes oligonucleotides were 
synthesized. Of each adenovirus subgroup the penton sequence 
of only one member is known to date. Therefore, 
oligonucleotides were designed based on the known sequences 
35 Thus, for amplification of penton sequences from subgroup C 
oligonucleotides P5-for (5'- 
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gctcgatgtacaatgcggcgcgcggcgatgtat-3' ) and P5-rev (5'- 
gctcgacttaagtcaaaaagtgcggctcgatag-3') were used .For the 
an^lification of penton sequences from subgroup B 
oligonucleotides P3-for (5 'gctcgatgtacaatgaggagacgagccg 
tgcta-3') and P3-rev (5 • -gctcgacttaagttagaaagtgcggcttgaaag- 
3') were used. For the amplification of penton sequences from 
subgroup D oligonucleotides P17-for (5 'gctcgatgtacaatgaggcgt 
gcggtggtgtcttc-3 ' ) and P17-rev (5 ' -gctcgacttaagttagaaggtgcg 
actggaaagc-3') were used. For the amplification of penton 
sequences from s\ibgroup F oligonucleotides PF-for (5'- 
gctcgatgtacaatgagacgtgcggtgggagtg-3 ' ) and PF-rev (5'-gctcga 
cttaagttaaaacgtgcggctagacag-3') were used. All above 
described forward oligonucleotides contain a BsrGI 
restriction site at their 5 '-end and all reverse 
oligonucleotides contain an Aflll restriction site at the 5'- 
end. 

The amplification reaction (50 contained 2 mM dNTPs, 25 
praol of each oligonucleotide, standard Ix PGR buffer, 1,5 mM 
MgCl2, and 1 Unit Pwo heat stable polymerase - (Boehringer) per 
reaction. The cycler program contained 20 cycles, each 
consisting of 30 sec. 94«C, 60 sec. 60-64»C, and 120 sec. At 
72°C. One-tenth of the PGR product was run on an agarose gel 
which demonstrated that a DNA fragment was amplified. Of each 
different template, two independent PGR reactions were 
25 performed after which the independent PGR fragments obtained 
are sequenced to determine the nucleotide sequence. Of the 51 
human serotypes 20 penton sequences have been amplified. 



IS 



20 



30 



35 



O yneration r,f nenton ehimaeric adenoviral DNA constructs 
All amplified penton DNAs as well as the vector (pBr/Ad.A 
penton) were digested with BsrGI and Aflll. The digested DNAs 
was subsequently run on a agarose gel after which the 
fragments were isolated from the gel and purified using the 
Geneclean kit (BiolOl Inc) . The PGR fragments were then 
cloned into the BsrGI and Aflll sites of pBr/Ad.Apenton, thus 
generating pBr/Ad.pentonXX (where XX stands for the serotype 
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number of which the penton DNA was isolated) • So far the 
penton sequence of serotypes 2, 2, 5, 6, 7, 11, 21, 26, 35, 
39, 40, 41, 42, 47, 48, 49 and 51 have been cloned into 
pBr/Ad.pentonXX . From pBr/Ad.pentonXX an 5,1 kb Fsel 
fragment encompassing the penton sequence was isolated via 
gelelectrophoresis and Geneclean. This Fsel fragment was 
subsequently cloned in cosmid pWE/Ad.Af lII-rlTR (see example 
1) which was digested to completion with Fsel and 
deposphoryiated as described previously. This cosmid cloning 
resulted in the formation of construct pWE/Ad.Aflll- 
rlTR/PentonXX (where XX stands for the serotype number of 
which the penton DNA was isolated) . 

Generation of recombinant adenovirus chimaer ic for penton 
protein 

To generate recombinant Ad 5 virus carrying the Penton of 
alternative serotypes two constructs, pCLIP-Luc and 
pWE/Ad.Aflll-rlTR/PenXX were transfected into adenovirus 
producer cells. 

For transfection, 4 jig of pCLIP.Luc and 4 ^ig of pWE/Ad.Aflll- 
rlTR/PentonXX) were diluted in serum free DMEM to 100 ^1 
total volume. To this DNA suspension 100 ^1 Ix diluted 
lipofectamine (Gibco) was added. After 30 minutes at room 
temperature the DNA- lipofectamine complex solution was added 
to 2.5 ml of serum- free DMEM which was subsequently added to 

a T25 cm^ tissue culture flask. This flask contained 2x10^ 
PER.C6 cells that were seeded 24-hours prior to transfection. 
Two hours later, the DNA- lipofectamine con5)lex containing 
medium was diluted once by the addition of 2.5 ml DMEM 
supplemented with 20% fetal calf serum. Again 24 hours later 
the medium was replaced by fresh DMEM supplemented with 10% 
fetal calf serum. Cells were cultured for 6-8 days, 
subsequently harvested, and freeze/thawed 3 times. Cellular 
debris was removed by centrifugation for 5 minutes at 3000 
rpm room temperature. Of the supernatant (12.5 ml) 3-5 ml was 



wo 00/03029 PCT/NL99/00436 

57 

used to infect again infect PER.C6 cells (T80 cm^ tissue 
culture flasks) . This re- infection results in full 
cytopathogenic effect (CPE) after 5-6 days after which the 
adenovirus is hairvrested as described above. 

5 

The above described examples 1-9 encompasses the construction 
of recombinant adenoviral vectors, chimaeric for either fiber 
protein or hexon protein which results in an altered 
infection host range or altered immune response towards 

10 adenoviral vectors. These chimaeric adenoviral vectors are 
generated for the purpose of gene transfer and recombinant 
DNA vaccines. It must be stressed that in a manner analogous 
as described under example 1-9 chimaeric adenoviral vectors 
are constructed for penton and can be constructed for all 

15 other adenovirus proteins including but not limited to DNA 
encoding for small proteins required for adenovirus assembly 
and sequences required for adenovirus replication. Moreover, 
it must be emphasized that with this technology double, 
triple, quadruple, etc chimaeric adenoviral vectors can be 

20 constructed with the aim to combine parts of existing 

adenovirus serotypes to. generate adenoviral vectors with 
preferred characteristics for any given target cell or target 
disease. 



25 
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Legends' to figures and tables 

Table 1: Summary of the classification of known human 
adenovirus serotypes based upon the principle of 
hemaggl ut inat ion . 

Table 2 : Association of human adenovirus serotypes with 
human disease. 

Table 3 : Oligonucleotides and degenerate oligonucleotides 
used for the amplification of DNA encoding for fiber protein 
derived from alternative human adenovirus serotypes. Bold 
letters in oligonucleotides A-E represent an Ndel restriction 
site. Bold letters in oligonucleotides 1-6 and 8 represent an 
Nsil restriction site. Bold letters in oligonucleotide 7 
represent a Pad restriction site. 

Table 4: Production results of fiber chimaeric adenoviruses. 
The number of virus particles per ml were determined using 
HPLC. The number of infectious units (lU) per milliliter were 
determined through titration on human 911 cells. For 
infection experiments, the number of virus particles per 
milliliter is taken from all chimaeric adenoviruses since lU/ 
ml reflects a receptor mediated process . 

Table 5: Transduction results of human cell lines and 
primary cells. A549: Human lung carcinoma cell line (ATCC, 
CCL-1185) . K562: Human erythroid leukemia (ATCC, CCL-243) . 
SupTl: Human Lymphoblast hybrid B and T (ATCC, CRL-1991) . 
GM09503: Human primary fibroblasts, HEPG2 : Human liver 
carcinoma (ATCC, HBB065) . CEM: human lymphoblast cells (ATCC, 
CRL-1992) . HeLa: Human cervix carcinoma (ATCC, CCL-2) . 
Primary amniocytes and chorionvilli cells were obtained from 
department of antropogenetics, Leiden, The Netherlands. 
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Primary Smooth muscle cells and synoviocytes were obtained 
from TNO-PG, Leiden, The Netherlands. Shovm are the 
luciferase activity (in relative light units (RLU) per ^g 
protein) measurements of cells infected at MOI 5000 
5 virusparticles per cell. 

Table 6: Expression of integrins a,p3 and a^ps, the 
Coxsackie adenovirus receptor (CAR) , and MHC class I on the 
men^ranes of target cells. In addition to the cells described 
10 in table 5: HUVEC: human umbilical vein endothelial cells 
were obtained from TWO- PG, Leiden, The Netherlands. Shown xs 
the percentage of cells expressing either molecule on thexr 
membrane. The Ad5 based vector carrying a fiber of one 
representative of each subgroup and the efficiency of 
,5 infection is shown on the right of the table. ND: not 

determined. 0% means undetectable expression of J^^^^^ 
on the menO^rane of the cell using flow cytometry. 100% means 
high expression of the molecule on the cell membrane. 

20. Figure 1: Schematic presentation of adapter plasmid pMLPI.TK. 

Figure 2: Schematic presentation of adapter plasmid pAd/L420- 
HSA. 

25 Figure 3= Schematic presentation of adapter plasnid pAd5/CLlP 

Figure 4, Schematic presentation of a two plasmid system for 
the generation of recombinant adenoviruses. 

30 Figure 5: Schematic presentation of a three plasmid system 
for the generation of recombinant adenoviruses. 

Figure 6= Schematic presentation of 9«'>«f^'=^°"_^°*_Pi"f ^ 



35 



pBr/AdBamRDeltaFib in which part of the Adenovirus type 5 
fiber DNA is replaced by a short DNA stretch containing a 
unique Nsil site. 
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Figure 7: Fiber protein- sequences of adenoviinis serotypes 8, 
9, 13, 14,20, 23, 24, 25, 27, 28, 29, 30, 32, 33, 34, 35, 36, 
37, 38, 39, 42, 43, 44, 45, 46, 47, 48, 49, and 51. Bold 
letters represent part of the tail of adenovirus serotype 5. 
If bold letters not present it means that a PGR fragment was 
sequenced which did not contain the Ad5 tail. An X, present 
in the sequence means unidentified amino acid due to 
unidentified nucleotide. At the end of the sequence the stop 
codon of the fiber is presented by a dot. 



rl23 



Figure 8: Comparison of the in vivo biodistribution of I' 
labeled adenovirus serotype 5 and an adenovirus chimaeric for 
fiber protein. Radiolabeled adenovirus (10" virus particles, 
0.1-2 MBq) was intravenously administered into the tail vein. 
As a control, a similar amount of free label was injected 
into the control animal. Rats were sacrificed after one hour 
and organs calibrated. Radioactivity of the in the figure 
indicated organs was measured with a scintillation counter 
and is ejqjressed as counts per minute per gram tissue. 

Figure 9: Schematic presentation of the generation of plasmid 
pBr/Ad.Eco-PmeAHexon. Also shown is the sequence of the 
oligonucleotides delta hex 1-4 used to delete the DNA 
encoding for the hexon of adenovirus serotype 5 protein. 

Figure 10: Hexon protein sequences of adenovirus serotypes 34, 
35, 36, and 41. An X, present in the sequence means 
unidentified amino acid due to unidentified nucleotide. At 
the end of the sequence the stop codon of the hexon is 
presented by a dot . 
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Table 1 



Subgroup 


serotypes 


hemagglutination 
rhesus 


hemagglutination 
rat 


A 


12, 18, 31 




+/- 


B 


3, 7, 11, 14, 16, 


+ 




C 


1,2,5,6 




+/- 


D 


8-10, 13, 15, 17, 
19,20,22-30 
,32, 33, 36-39, 
42-47, 49, 50 


+/- 


+ 


E 


4 




+/- 


F 


40,41 




+/- 
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Table 2 



68 



Syndrom 



Subgenus 



Serotyp e 



RespiratoTy illness 



Keratoconjunctivitis (eye) 

Hemorrhagic cystitis (Kidney) 
And urogenital tract infections 

Sexual transmission 

Gastroenteritis 



CNS disease 



Hepatitis 



Disseminated 



None (???) 



A 

B 

C 

D 

E 

B 

D 

B 

C 

D 

C 

D 

A 

B 

C 

D 

F 

A 

B 

C 

D 

A 

C 

A 

B 

D 

A 

D 



31 

3, 7, 11, 14,21,34,35,51 
1,2, 5,6 

39. 42- 48 
4 

11 

8, 19, 37, 50 

7, 11, 14, 16,21,34,35 
5 

39, 42-48 
2 

19, 37 
31 

3 

1.2,5 
28 

40,41 
12,31 
3.7 
2, 5,6 
32, 49 
31 

1,2,5 
31 

3,7.11,21 

30. 43- 47 
18 

9. 10. 13. IS 17. 20. 22-29. 33. 36. 38 
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Table 3 

Serotype Tail oligonucleotide Knob oligonucleotide 



4 


A 


1 


8 


B 


2 


9 


B 


2 


12 


E 


3 


16 


C 


4 


19p 


B 


2 


28 


B 


2 


32 


B 


2 


36 


B 


2 


37 


B 


2 


40-1 


D 


5 


40-2 


D 


6 


41-s 


D 


5 


41-1 


D 


7 


49 


B 


2 


50 


B 


2 


51 


C 


8 



A: 


5'- 


CCC GTG TAT CCA TAT GAT GCA GAC AAC GAG CGA CC- 3' 


B: 


5'- 


CCC GTC TAG CCA TAT GGC TAC GCG CGG- 3' 


C: 


5'- 


CCK GTS TAC CCA TAT GAA GAT GAA AGC- 3' 


D: 


, 5'- 


CCC GTC TAC CCA TAT GAC ACC TYC TCA ACT C- 3' 


E: 


5'- 


CCC GTT TAC CCA TAT GAC CCA TTT GAC ACA TCA GAC- 3' 


I: 


5"- 


- CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA - 3' 


2: 


5'- 


CCG ATG CAT TYA TTC TTG GGC RAT ATA GGA - 3' 


3: 


5'- 


CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA AAA GGA - 3' 


4: 


5'- 


CCG ATG CAT TCA GTC ATC TTC TCT GAT ATA - 3' 


5: 


5'- 


CCG ATG CAT TTA TTG TTC AGT TAT GTA GCA - 3' 


6: 


5'- 


• GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA - 3' 


7: 


5' 


- CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA AGA A - 3' 


8: 


5'- 


- CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA - 3' 
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Table 4 



Adenovirus 


Virus particles/ ml 


Infectious units/ ml 


Ad5Fib5 


2.2 X 10^' 


6.8 X 10"" 


Ad5Fibl2 


4.4 X 10" 


1.9 X 10"" 


Ad5Fibl6 


1.4 X 10" 


3.0 X 10"" 


AdSFibl? 


9.3 X 10" 


9.5 X 10=* 


Ad5Fib28 


5.4 X 10"" 


2.8 X 10" 


Ad5Fib32 


2.0 X 10" 


1.1 X 10"" 


Ad5Fib40-S 


3.2 X 10"" 


1.0 X 10"" 


Ad5Fib40-L 


2.0 X 10"' 


6.4 X 10"" 


Ad5Fib49 


1.2 X 10"' 


4.3 X 10"" 


Ad5Fib51 


5.1 X 10" 


1.0 X 10" 
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CLAIMS 

1. A chimaeric adenovirus comprising at least a part of a 
fiber protein of an adenovirus serotype providing the 
chimaeric virus with a desired host range and at least a part 
of a penton or hexon protein from another less antigenic 

5 adenovirus serotype resulting in a less antigenic chimaeric 
adenovirus . 

2 . A recombinant vector derived from an adenovirus 
comprising at least one ITR and a packaging signal having an 
insertion site for a nucleic acid sequence of interest, and 

10 further having an insertion site for f unctionallly inserting 
a gene encoding a penton and/or a hexon protein of a first 
serotype of adenovirus and having an insertion site for a 
gene encoding a fiber protein of a second adenovirus of a 
different serotype. 

15 3 , A recombinant vector according to claim 2 which is a 
plasmid. 

4. A packaging cell for producing a chimaeric adenovirus 
according to claim 1, comprising in trans all elements 
necessary for adenovirus production not present on the 

20 adenoviral vector according to claim 2 . 

5. A kit of parts comprising a packaging cell according to 
claim 4 and a recombinant vector according to claim 2 or 3, 
whereby there is essentially no overlap leading to 
recombination resulting in the production of replication 

25 competent adenovirus between said cell and said vector. 

6. A vector according to claim 2 or 3 where the insertion 
sites are different and preferably unique restriction sites. 

7. A method for producing a chimaeric adenovirus having a 
desired host range and diminished antigenicity, comprising 

30 providing a vector according to claim 2, inserting into said 
vector at least a functional part of a penton or hexon 
protein derived from an adenovirus serotype having relatively 
low antigenicity, inserting at least a functional part of a 
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fiber protein derived from an adenovirus serotype having the 
desired host range and transfecting said vector in a 
packaging cell according to claim 4 and allowing for 
production of chimaeric viral particles. 

8. A method according to claim 7, wherein said reduced 
antigenicity is a diminished capability to raise neutralizing 
antibodies . 

9. A chimaeric adenovirus according to claim 1, wherein the 
hexon, pent on and/or fiber proteins are chimaeric proteins 
originating from different adenovirus serotypes. 

10. A nucleic acid library comprising nucleic acid derived 
from different adenovirus serotypes. 
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Figure 2 
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Figure?: 



1.1: Serotype 8 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFTSnPVYPYGYARNQNIPFLTPP^^ 

NFPiK3VLSLKLADPrnNNQNVSUCVGGGLTLQEETGKLTVlSm^ 

AUJAPFDVIDNKLTLLAGHGLSirrKErSTIJ^SLVhrrLVVLT^^ 

ICWVGEGGGI^FNDNGDLVAFNKKEDKRTLWTTPDTSPNCRIDQDKDSKLTLV 

LTKCGSQILANVSIiVVAGRYKIINNim^ALKGFnKIXFDKNGVLMESSM-GK^ 

YWNI^QNSIMSTAYEKAIGFMPNLVAYPKPTTGSKKYARDIVYGNIYLGGKPH 

QPVTIKTTFNQETGCTYSriTOFSWAKTYVNVEFETreFIP 

1.2: Serotype 9 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

^IFPPGVLSIJa^PIAIVNG^^VSUCVGGGLTLQDGTGKLTWADPPLQLTNNK^ 

GIAIX)APFDVIDNKLTLlJ^GHGLSirrKETSTLPGIJhnrLV^ 

SVCVRVGEGGGI^FhnsfDGDLVAFNKKEDKRTLWTIPDTSPNCKIDQDKDSKLTL 

\a.TKCGSQILANVSUWAGKYKIIN^INTQPALKGFTIKm^ENGVL^^ 

SYWNFRNENSIMSTAYEKAIGFMPNLVAYPKPTAGSKKYARDIVYGNI^ 

DQPVllK'll'FNQETGCEYSITFDFSWAKTYWVEFErTSFrFSYIAQE. 

1.3: Serotype 13 fiber protein 

XXXXXSAPTIFMLLQMK»ARSSXDTFNPVYPYGYARNQNIXFXTPPFVXSDGF 

KNFPPG\^-SIJaJ^PmANGDVSIJCVGGGLTLQEGSLTVDPKAPLQIJV^^ 

LVYDDPFEVSTlSnKL^IJCVGHGLKVLDDKSAGGLKDUGKLVVLTGKGIGIENLQ 

NDDGSSRGVGJNVRLGTDGGI^FDRKGELVAWNRKDDRRTLWTTPDPSPNCKA 

ETEKDSKLTLVLTKCGSQIIJ^TVSII\a.KGKYEFVKKETEPKSFDVKU^ 

UTSNLSKEYWNYRSYDNNIGTPYENAWFMPNLKAYPKF^C^ASDKAE^ra 

AKNKIVSNFmSGQAYQPGTniKFNEEroETCAYSnFNFGWGKVYDNPFPF^ 

FTXSYIAQE. 

1.4: Serotype 14 fiber protein 

HPFINPGFISPNGFnjSPDGVLTLXCLTPLTTTGGSLQLKVGGGLTVDDTDGT^^ 

MGATTPLVKTGHSIGI^U}AGLGTDENKLCTKLGEGLTFNSNNICIDD^[I^^ 

GVNPTEANCQMMDSSEShTOCKLILTLVKTGALVTAFVYVIGVSNNFNMLT^^ 

INFTAELFFDSAGNlXTSLSSUCTPIJSlHKSGQTWliWlJ^^ 

EKNKTIFIELVTTQLVrmJETLTISVMU^QRA^ 

QTSATTLVTS 

1.5: Serotype 20 fiber protein 

IQNIPFLTFPFVSSDGUJl^PGVl^IJaADPIAIVNGNVSUCVGGG^^ 

lANPB^LQVANDKLEI^YAYPFErSANKLSLKVGQGLKVLDEKDSGGLQNLLG 

KLVVLTGKGIGVEELKNPD^^ImGVGINVRLGKDGGI^FNKNGELVAW^^ 
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TGTLWTTPDPSPNCKIEEVKDSKLTLVLTKCGSQIIATMAFQVS^GTY^ 
AKNSFSIKIJLFDDNGm£GSSIJ>KDYWNFRSDDSIIPNQYDNAWFMPNI^ 
KPSTVlPSTDKNSNGKmWSNLYLEGKAYQPVAVTITFNmGCTYSI^ 
KTYDVPIPFDSSSFT 

1.6: Serotype 23 fiber protein 

QNIPFLTPPFVSSDGFQNFPPGVI^Ua^PIArmGDVSLKVGGGLTVEQDSGNL 

KVNTKAPLQVAADKQLEIALADPFEVSKGRLGIKAGHGLKVIDNSISGLEGLVGT 

LVVLTGHGIGTENUJ^INDGSSRGVGINVRLGKDGGl^FDKKGDLVAWN^ 

RTLWITPDPSPNaCVIEAKDSKLTLVLTKCGSQILA^MSIXILKGTYEYIS 

KSFHKIJLFl^KGVIJ^DGSSIJDKDYWNYJCSDDSVMSKAYENA 

hnrrSTTNPSTDKKSNGKNAIVSNVYIJEGRAYQPVAnTnmETGC^ 

GWSKVYNDPIPFDTSSLT 

1.7: Serotype 24 fiber protein 

SCSa»SAFniim,LQMKIUIffSEDTFW\^YGYARNQNffFLTPPFVSSDGFQ 

NFPPG^a-SLi□JU)PIMTNGDVSLKVGGGLTVEKDSG^^-KV^IPKAPLQVTTO 

EIAIAYPFEVSNGKLGIKAGHGlXVroKIAGl£GLAGTLVVLTGKGIGTENIJENS 

IXJSSRGVGINVRIJ^KDGGI^FDKKGDLVAWNKHDDRRTLWTTPDPSPNCTIDQ 

ERDSKLTLVLTKCGSQILANVSLLVVKGKFSNIN>n^TNFroKmVKl^ 

IJS(!DSSTLKKEYW^mi^IDNSTVSQAYDNAWFMPNIKAYPI^^ 

SAAKRYWS^^^mGGIJ>DKTVVlTIKFNAETECAYSm'EF^^ 

TFSYIAQE. 

1 .8: Serotype 25 fiber protein 

SCSCPSAFTIFMLLQNIKRARPSEDTFNPVYFYGYARNQNIPFLTPPFVSSDGFQ 

MTPGVLSUCLADPmSNGDVSUCVGGGLTVEQDSGNLSVOTKAPLQVGTDK^ 

ELALAPPFNVKDhfKIJ)IXVGDGLKVIDKSISXLPGmm.VVLTGKGro 

DIX3SNKGVGLCVWGEGGGLTFDDKGYLVAWNKKHDmTL\miJ)PSPNC™ 

VDKDSKLTLVLTKCGSQH-ANVSLXVVKGRFQNIJsryXTNPhlLPKTF^ 

GIU□DSSNIJDK^nfW^nfRNGNSILAEQYKNAVGFMPNI^ 

imPGNIYIJDSQAYl^VVIKITFNQEADSAYSlTLNrir 

1.9: Serotype 27 fiber protein 

IPH-TPPFVSSDGFKNFPPGVLSUXADPITITNGDVSLKVGGGLVVEKESGKLSV 

DPKlPlX5VASDNKIJEIJSYNAPFKVE^a)KLSIJ>VGHGUCVIGNEVSSL^ 

VLTGKGIGTEEUCEQNSDBfflGVGIhrVllARGGI^FDNDGYLVAWNPKYDTO 

TTPDTSPNCKMLTKKDSKLTLTLTKCGSQILGl^SIXAVSGKYU^INri^ 

IUJT>RNGVU^QESSU)KEYWNYRNDN^mGTPYENAVGF^^ 

DAKNYSRSKHSNVYIJCGIJYQPVIIIASFNQEITNGCWSISFDFrCSKDYTGQQF 

DVTSF 

1.10: Serotype 28 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 
NFPPGVI^LKIJVDPmANGDVSLBJLGGGLTVEKESGNLTVNPKAPLQVASGQLE 
IJ^YYSPFDVKN^IMLTLKAGHGlAVVTKD^rroIJQPIJvIGTL\n^ 
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HGGTroVRIGKNGSIJ^KNCa)LVAWDKENDRRTLWTTPDTSPNC^ 
ia.TLILTKCGSQILGSVSIXAVKGEYQNMTASTNKNVKITLU^ 
DKEYWNFRNlSnDSTVSGKYENAWFMPMTAYKPVNSKSYARSHIFGNV^ 
YNPWDQSFNQETQNNCVYSISFDYTCSKEYTGMQEDVTSFrFSYIAQE. 

1.11: Serotype 29 fiber protein 

QNIPFLTPPFVSSIX}FKNnFPPGVl^LKl^PIAITNGDVSLKVGGGLTV^ 

SVNPKAPLQVGTDKKLJELAIJVPPFDVia)NKLAILVGDGLKVIDRSISDLPGLLNY 

LV\a.TGKGIGNEEUQ^DGSNKGVGLCVRIGEGGGLTFDDKGYLVAWNl^n^ 

RTLWrmJPSPNCKTOIEKDSKLTLVLTKCGSQILANVSIJIVNGKFKI^^ 

IJ>K5FNfIKIXFDQNGVLlJENSNIEKQYLNPRSGDSILPEPYKNMGFMPh^ 

ATTOQSKIYAR^mYG^^^^i)NQPYNPVVIKITF^INE^ 

NIPEDSTSFTS 

1.12: Serotype 30 fiber protein 

SCSCPSAPTIFMLLQMKRARPSXDTFNPVYPYGYARNQlsnff»FXTPPFVXSDGFK 
NFPPGVI^IJKLADPIAITNGDVSLKVGGGLTVEQDSGNLSVNXKAPLQVGTDKK 
'mJ^I^ProVRDNKIJULVCHDGIJCVIDRSISDIJGUJm^ 
NDDGSNKGVGLCVRIGEGGGLTXDDKGYLVAWNNKinJIRTLWTrLDPSPNCKI 
DffiKDSKLTLVLTKCGSQIUVNVSLnVNGKFKILNNKTDPSLPKSFM 
VXiENSMEKQYU^lHlSGDSIlPEPYKNMGFMPMXAYAKATTI^ 
GMYlX)NQPYhfPVVIKrrFNNEADSAYSITFhnfSWTKDYDMPFD 



1.13: Serotype 32 fiber protein 

SCSCTSAFTIFMIXQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

NFPPGVLSUaJVDPmANGNVSLKVGGGLTLEQDSGKUVNPKAPLQVA^ 

LSYADPFETSANKLSLKVGHGLKVLDEKNAGGLKDUGTLVVLTGKGIGVEELK 

NADmmGVGINVRLGKDGGI^FDKKGDLVAWNKHDDRRTLWTTPDPSPN 

DEERDSKLTLVLTKCGSQIIJUSrVSlXVVKGKFSNINNl^^ 

GVLMDSSSIJ□KEYW^fYRNDNSWSQAYDNAWFMPNIKAYPKPTrDTSAKPED 

KKSAAKRYWSNVYIGGIPDKTVVmKU^AETESAYSMTFEFrW 

SSSFTFSYIAQE. 

1.14: Serotype 33 fiber protein 

SCSCFSAFITFmLQMiatARPSEDWlWVYPYGYARNQMPFLTPPFVSSDGFK 

NFPPGVl^LKLADPmTNGDVSIJO^GGGLTLQEGSLTVNPKAPLQLANDKKL^ 

VYDDPFEVSTNKI^UCVGHGUCV1I)DKSAGGLQDUGKLVVLTGKGIGIENLQN 

DDGSSRGVGI^^m.GTDGGLSFDRKGELVAWNRKDDRRTLWT^PDPSPNCKAE 

TEKDSKLTLVLtKCGSQnATVSnVUwGKYEFVKKETEPKSro 

FTSNl^KEYWYRSYDNMGTPYENAWIMPNLKAYPKPTKTASDKAENKIS 

KNKWSNFH'GGQAYQPGTniKFNEEIDETCAYSITFNFGWGKVYDNPFPFDTO 

TFSYIAQE. 



1.15: Serotype 34 fiber protein 
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SCSCTSAinriFMLLQMKRARPSEDTFTWVYPYEDESTSQHPF^ 

SPDGVLTUwCLTPLTTTGGSLQIJCVGGGLTVDDTDGTLQKN^ 

ELTIGNGI^TQHNKLCAKLGNGLKF^INGDICIKDSI^rILWTGINPPPNCQ 

TNDGKLTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKTANIQLRLYFDSSGNL 

LTDESDLKIPIJa^STATSETVASSKAiWSTTAYPF>nTrRDSENYmGICYm 

TSYDRSDFPlJSnfSIMU^SRMISSKVAYAIQFEWNU^ASESPEKQHMT^^ 

nEDDN. 

1.16: Serotype 35 fiber protein 

SCSCPSAPTIFMLLQMiaRARPSEDTlWVYPYEDESTSQHPIWGHSPNGF^ 

SPDGVLTLKCLTPLTITGGSLQIJCVGGGLTVDDTDGTLQENIRATAPITKNNHSV 

ELSIGNGIJETQN1^CAKLGNGLKF^^S[GDICIB□)SINTLWTGINPPPNCQIVE^ 

T^©GKLTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKTANIQLRLYFDSSGNL 

LTEESDUaPLKNKSSTATSETVASSKAFMPSTTAYPFNTTTRDSE^m^ 

TSYDRSUTIJ^SIMLNSRMISSNVAYAIQFEWl^ASESPESNI^^ 

TEDDN. 

1.17 Serotype 36 fiber protein 

SCSCPSAF^FMLM^MlalARPSEDTEWPVYPYGYARNQ^mPFL^ 

^M>PGVLSLKLADPIAIVNGDVSLKVGGGLTVEQDSGKLKVNPKIPLQVVNDQLE 

IJVTDKPFKIENNKLAU^VGHGLKVroKTISDUJGLVGKLVVLTGVGIGTETLKDK 

^©KVIGSAVNVRLGKDGGIX)FNKKGDLVAWNRYDDRRTLWT^PDPSPNCKVS 

EAKDSKLTLVLTKOSSQILASVAIXrV^GKYQfnSESTIPKDQRNFSVKU^ 

KLUDKSSIJDKEYWNFRSNDSWGTAYDNAWFMPNLKAYPKNTITSSTNPD^^ 

SAGKK^I^VS^^Yl^RVYQPVALTVKFNSENDCAYSr^T>FVWSKTYESPVAro 

SSSFTFSYIAQE. 

1.18 Serotype 37 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTIWVYPYGYARNQMPFLTPP^^ 

NFPPGVLSUaj^PITrmGDVSI^VGGGLTLQDGSLTVNPKAPLQVim)K^^ 

AYDhO>FESSAim^IJCVGHGIJCVIJDEBCSAAGLKDUGKLVVLTGKGIGTEN^ 

TDGSSRGIGINVRAREGLTFDM)GYLVAWNPKYDLRTLWTTPDTSPNCI^ 

DSKLTLVLTKCGSQILAhrVSLIWAGKYHIIlWKTNPKIKSFriKlJ^^ 

NSNLGKAYWNFRSGNS^^VSTAYEKAIGFMP^^-VAVSKPSNSKKYARDIVYGN^^ 

LGGKPDQPGVIKTIWQETGCEYSriPNFSWSKTYEmnEFETrSFT^ 

1.19 Serotype 38 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFWVYPYGYARNQNIPFXTPPFVXSDGFQ 

NFPPGVL^Ua-ADPmANGNVSU^VGGGLTLEQDSGKUVN^^ 

LSYADPFETSAim^IJKVGHGUCVU^EKNAGGLKDUGTLVVLTGKGIGVEEL^ 

NAD^^ImGVGI^^VRLGKDGGl^FDKKGDXVAWNKHDDRRTLWT^PDPSPNCTI 

DEERDSKLTLVLTKCX}SQIIJ^NVSLLVVKGKFSNIN^I^^^N^ 

GVLMDSSSLKKEYWNYRNDNSTVSQAYDNAWFMPNIKAYPKPTTDTSAKPED 

KkSAAKRYWSNVYIGGU»DKTV\^TIKU^AETESAYS^mEF^W>^^ 

SSSFTFSYIAQE. 
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1.20 Serotype 39 fiber protein 

IRISPSSU>P1^PPMDSKTSPLGCYHSNWLTQSPSPMGMSHSRWEGGSPWQEGTG 

DLKVNAKSPLQVATNKQIJEIALAKPFEEKDGKl^KIGHGIAVVDEN^ 

IGTLVILTGKGIGTGRAESGGTroVRLGSGGGLSFDKDGNLVAWNKDDDRRTLW 

TIPDPSPNOKTOQDKDSKLTFVLTKCGSQILANMSIXX^GKFSMINN^ 

DYKKFnKUJ©EKGVIJ[ja)SSLDKEYW>miSN>n^^ 

YPKPPTPPTIOTTPLEKSQAKNKYVSNVYLGGQAGNPVATTVSFNKETGC^ 

FDFAWNKTYENVQC. 

1.21: Serotype 42 fiber protein 

SCSCPSAPTIF\n.U3MKRARPSEDTFWVYPYGYARNQNffFLTPPFVSSDGFK 

NFPPGVLSLKLANPIAITNGDVSLKVGGGLTLQDGTGKLTIDTKTPLQVAhn^ 

LAFDAPLYEKNGKLALKTGHGLAVLTKDIGlPELIGSLVtt,TGKGIGTGTVAGGGT 

roVRLGDDGGLSFDKKGDLVAWNKKNDRRTLWTTPDPSPNCRVSEDKDSKLTU 

LTKCGSQILASFSIXWXGTYTTVDK^^ITNKQFSIKIXFDANGKLKSES^^ 

NrniSDNSWSTPYDNAWFMPmTAYPKIINSTTDPENKKSSAKKTIVGN 

NAGQPVAVMSFNKETTADYSrrFDFAWSKAYETPVPFDTSSMTFSYlAQE. 

1.22: Serotype 43 fiber protein 

NIPXLTPPFVSSDGFBO^PGVl^LKIADPITITNGDVSUCVGGGLTVEKESGNLT 

\^KAPU3VAKGQLEIJ^YDSPH)VKNNMLI1XAGHGLAVVT^ 

TLVXO-TGKGIGTGTSAHGGTIDVRIGKNGSLAFDKDGDLVAWDKENDRRTLWT 

TPDTSPNCKMSEAKDSKLTULTKCGSQILGSVSLLA\^GEYQNMTANTKKNVra 

TUJT>ANGVLLAGSSXXKEYWNFRSNDSTVSGNYENAVQFMPNITAYKPTNSKS 

YARSVIFGNVYIDAKPYNPVVIKISFNQETQIWCVYSISFDYTI^KDYPNMQFDV 

TLS 

1.23: Serotype 44 fiber protein 

NIPFLTPPFVSSDGFQNFPPGVI^LKLADPimNGNVSLKVGGGLTLQEGTGDLK 

WAKSPLQVATNKQLEIALAKPFEEKIX}KIJVLOGHGLAVVDENHrHLQSUGl^ 

mTGKGIGTGSAESGGTTOVRLGSGGGI^FDKIXjlSnLVAWNKDDDRRTLWrTPD 

PSPNCKmQDKDSKLTFVLTKCGSQILA^MSLLVVKGKFSMINNKVNGTDDYKK 

FTIKIJLroEKGVIXKDSSLIJKEYWNYRSNNNhrVGSAYEEAVGF 

TPPTNPT^PLEKSQAK1^YVS^^VY1.GGQAGNPVATTVSFNKETG 

WNKTYENVQFDSSF 

1.24: Serotype 45 fiber protein 

MPFLTPPFVSSDGFQNFPPGVI^IJKLADPIAITNGDVSUCVGGGLTVEK^ 

VNPKAPUJVTTOKQIJEIALAYPFEVSNGKLGIKAGHGIJKVro 

VLTGKGIGTENIJENSDGSSRGVGINVRLAKDG\a^AFDKKGDLVAWNK^ 

LWTIPDPSPNCTroQERDSKLTLVLTKCGSQILANVSLLVVKGKFSNINNNANPT 

DKKTIVKLLFNEKGVIJSdDSSTLKKEYWNYRITONSW^ 

PKPSTDTSAKPEDKKSAAKRYWSNVYIGGIJ»DKTVVmKFNAEIECAYSI^^ 
WAKTFEDVQCDSSSFT 



1.25: Serotype 46 fiber protein 
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NIPFLTPPFVSSIX}FK^IFPPGVLSLKLADPIAIWGDVSLKVGGGLTLQEG^^ 

AKAPLQVAl^Nia-ELSYADPFEVKDTKLQliCVGHGlJCVroEK^ 

VVLTGKGIGTQELKDKDDE^mGVGINVRIGKNESLAFDKDG^lLVAWDNENDR 

RTLWTTPDTSSKFVKISTEBaDSlQ.TLVLTKCGSQIIASVSIlAVAGSYlJ^^ 

QKSlKVSU^SKGIJJ^m^SroKGYW^ml^fKNSWGTAYENAff 

RP^m»DSmARSKIVG^^V^^AGLAYQPIVITVSFNQEKDASCAYSm^AWN^ 

YVGQFDTTSFT 

1.26 Serotype 47 fiber protein 

SCPSAPTIFMLLQMiaURPSEDTFNPVYPYGYARNQNIPFLTPPFVSSIXJFK^ 

PPGVI^IJa.ADPriTmGDVSIJCVGGGLTLQEGTGI^TVNAKAPLQVADDKKLE 

LSYDNPFEVSANKLSLKVGHGLKVLDEKNSGGLQELIGKLVILTGKGIGVEELKN 

ADITO^RGVGINVRLGKDGGI^FDKKGELVAWNKHNDTRTLWTTPDPSPNCKIE 

QDKDSKLTLVLTKCGSQIIATMAFQVVKGTYEMSKm'AKKSFSIKIJL^ 

LEGSSUJKDYWNFRNDDSIMPNQYDNAWFMPNIJCAYPNPKT^ 

GKNTIVSNLYI^KAYQPVAVTriTOJKErGCriTSm^ 

TFSYIAQE. 

1.27: Serotype 48 fiber protein 

SDIPFLTPPFVSSDGFQNFPPGVl^LKLADPITITNGNVSLKVGGGLTLQEGTGDLK 

WAKSPLQVATNKQLEIAIJ^FEEKDGKLALKIGHELAVVDENLTHUJSLIGTL 

VILTGKGIGTGRAESGGTIDVRIXJSGGGL^FDKDGNLVAWNKDDDRRTLWTTPD 

PSPNCKnXJDKDSKLTFVLTKCGSQIUU»iMSIXVVKGKFSMIN^ 

FnmJT>EKGVIlJaDSSlJ:>KEYW>rillSNNNlW 

TPPTNPTIPLEKSQAKNKYVSNVYLGGQAGNPVATTVSFNKETGCTYSr^ 
WNKTYKMAFEPRFNF 

1.28: Serotype 49 fiber protein 

SCSCPSAPTIFMLLQNIKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

lOTPGVX^UOJUDPIAITNGNVSUCVGGGLTVEQDSGNlXVNPKAPl^ 

mSLADPFEVKNKKI^IJCVGHGUCVroElSnSTLQGlXGNLVVLTGMGI^ 

KDDmGSAVNVRLGQDGGLTFDKKGDLVAWNKE^^DRRTLWTTPDPSPNC^ 

EEKDSKLTLVLTKCGSQIIJ^SVSIXVVKGKFANI^mKTNPGEDYKXFSVKLIJ^^ 

NGKIXTGSSlJ)GNYW^^m«a)SVIGSPYENAVPF^^»NSTAYPKIINNGTA^^ 

KKSAAKKTIVTNVYLGGDAAKPVATnSFNKEreSNCVYSITro 

PFDSSSLTFSYIAQE. 

1.29.: Serotype 51 Fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYEDESTSQHPFINPGnSPNGFTQ 

SPIXjVLTU^CLTPLTITGGPUJUCVGGGUVDDTDGTLQENm 

ELSIGNGI^QNNKLCAKLGNGUa?NNGDICDaDSnra.WGIKPPPN(^ 

TM)GKLTLVLVKNGGLWGYVSLVGVSDTVNQMFTQKSATIQUa.YFDSSGNLL 

TDESNliaPIJa«^KSSTATSEAATSSKAFMPSTTAYPF^rIT^^ 

SYDRSLWIMSIMLNSRTISSNVAYMQFEWl^AJCESPESNIATLTTSPFFFSYIIE 

DTTKaSLCYVSTCLFFN 
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Rgure 9 



AscI 
12161 



Fsel 
14240 



PCR fragments 



Sbfl 
19776 



15333 



18189 



AscI 
21781 







1 


Hexon — ► 
2 3 4 

pNEB/ABam/Sbf 




AscI 
21781 



1 : AHexl : 5'- CCT GGT GOT GCC AAC AGO- 3' 

2 : AHex2: 5'- CC GGATCC CAA7TG GGA AAG CX3G GCG CGC G- 3' 

3: AHex3: 5'- CC GGATCC TGATCA AGA AGC AAG CAA CAT CAA CAA C- 3' 

4: AHex4: 5'- GAG AAG GGC ATG GAG GCT G- 3' 
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Figure 10 

1.1: Serotype 34 hexon protein 

LSRRAPGFPLVKMATPSMLPQWAYMHIAGQDASEYLSPGLVQFARATDTYFNL 

G^OCFRNF^VAPTHDVTlT)RSQRIJ^RFW\a)REDNTYSYKVRY^ 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GOTDDGEEAKKATYTFGNAPVKAEAEITKIXjLPVGI^VSTEGPKPIYADKLYQP 

EPQVGDETWTDIX)GKTEEYGGRVLKPETKMKPCYGSFAKPTNIKGGQAKVKPK 

EDDGTNNffiYDmNINFFDLRSQRSELKPKIVNlYAENVDLECPDTHVVYKPGVSD 

ASSETNLGQQSMPNRPNYIGFRDNFIGLMYYNSTGNMGVLAGQASQLNAVVDL 

QDRhTTELSYQIXDSLGDRTRYFSMWNQAVDSYDPDVRVIENHGVEDELPl^CF 

PUJGVGPRTDSYmKPNGDQSTWTNVDPTGSSELAKGNPFAMEINLQANLWRS 

FLYSNVALYLPDSYKYTPSNVTLPENKNTYDYMNGRVVPPSLVDTYVNIGARWS 

U)AMDNVNPFNHElRNAGLRYRSMLLGNGRYWFfflQVPQKFFAVKMJiLPGS 

YTYEWNFRKDVNMVLQSSLG^roLRVDGASISF^SINLYATFFPMAH^r^ASTI£A 

MLRNDTNDQSFl^YI^AANNn.YPIPANATMPISIPSRNWAAFRGWSFn^ 

TPSLGSGFDPYFVYSGSIPLDGTFYLNHTFKKVSIMFDSSVSWPGNDRLLSPNEFEI 

KRTVDGEGYNVAQCNnvmWFLVQMLANYMGYQGFYIPEGYKDRMYSFFRNF 

QPMSRQVVDEVNYKDFKAVIPYQHNNSGFVGYMAPTMRQGQPYPANYPYPLIG 

TTAVNSWQKKELCDRTMWRIPFSSNFMSMGALTDLGQNMLYANSAHAIJ^ 

EVDPMDEPTIXYLLFEVFDVVRVQPHRGIIEAVYLRTPFSAGNATT. 

1.2: Serotype 35 hexon protein 

i^rrapgfplv™atpsniu>qwaymhiagqdaseylspglvqfaratdtyfnl 
gnkfrnptvapthdvttdrsqrimlrfwvdredmrsykwytlavgdnrvl 
dmastffdirgvldrgpsfkpysgtaynslapkgapnasqwldkgvtstglvdd 
gntddgeeakkatytfgnapvkaeaeitkdglpvglevstegpkpiyadklyqp 

EPQVGDTWTDlJDGKTEEYGGRVUa»EnCMKPCYGSFAKFmiKGGQAKVK^ 

DIXjTNMYDIDMNFFDLRSQRSELKPKIVMYAENVDLECPDTHVVYKPGVSDAS 

SErhn:.GQQMPNRPhrV'IGFRDNnGIMYYNSTGNMGVLAGQASQLNAVVDLQDR 

^^IELSYQLU^LGDRTRYFSMWNQAVDSYDPDVRVIE^IHGVEDELPNYCFPLX)G 

VGPRTDSYKEIPNGDQSTWTNVDPTGSSELAKGl^FAMEINLQANLWRSFLYSN 

VALYLPDSYKYTSNXmj'ENKNTYDYMNGRVVPPSLVDTYVNIGARWSLDAMD 

mWFNHHRNAGRYRSMLLGNGRYWFfflQVPQKFFAVKlSLLIXPGSYT^ 

FRKDVNMVLQSSU^LRVDGASISFTSINLYATFFPMAHNrASTIJEAMUl^ 

QSFM>YLSAANMLYPIANATNIPISIPSRNWAAFRGWSFrRIJKTO 

YFVYSGSIPYlJX}TFYlJaTFKKVSIMIT)SSVSWPG^IDRIl^P^EFE^ 

>rVAQCNMTKDWFLVQLANYMGYQGFm»EGYKDRMYSFFRNFQPMSRQVVDE 

VNYKI)FKAVAIPYQHNNGFVGYMAPTMRQGQPYPAJSrn>YPUGTTAVNSVTQK 

KFLCX)RTMWRIPFSSNFMSALTDLGQNMLYANSAHA1JDMT^ 

LLFEVFDWRVHQPHRGIIEAVLRTPFSAGNATT. 



1.3 Serotype 36 hexon protein 
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Figure 10 cont. 

LSRRAPGFPLVKMATPSMU'QWAYMHIAGQDASEYLSPGLVQFARATDTYFNL 
GNKFRNPTVAPTHDVTTDRSQRmiJRFVPVDR^ 

DMASTFFDmGVUJRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

G^rroDGEEAKKATYTFGNAPVKAEAElTKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDTWTDU)GKTEEYGGRVLKPETKMKPCYGSFABa'TNIKGGQAKVKPKE 

DDGTN^T^>roMNITOLRSQRSEIJCPKIVMYAENVDI£CPDT^^ 

SETNLGQQSMPNRPNYIGFRDNHGU^YNSTGNMGVLAGQASQLNAVXODLQ^ 

R>nEI^YQlXDSLGDRTRYFSMWNQAVDSYDPDVRVIEISrHGVEDELPhn^aTLD 

GVGPRTDSY^aKPNGDQSTWT^mDPTGSSElJ^GNPFAMEI^ILQANLWRSF^^ 

NVALYIJPDSYXYTPSNVTIJPENKNTYDYMNGRVWPSLVDTYVMGi^ 

MDNVhn>FNHHRAGI^YRSMIXGNGRYWFfflQWQKFFAVKNIJJXPG 

WNmKI)V^IMVLQSLGNDLRVDGASISF^SI^CYATFFPMAH^^^ASTLE;^ 

TM^QSFhTOYLSAAhMLYPIPANATNIPISIPSRNWAAFRGWSFIRIJCTKETPSLGS 

GFDPYFVYSGSlPYDGTFmsiHTFKKVSlMET)SSVS\VaHjNDRI^ 

GEGYNVAQCNivmCWFLVQMLANYMGYQGFnPEGYKDRMYSFFRNFQPMSR 

QVVDEVNYKDFKAVIYQHNNSGFVGYMAPTMRQGQPYPANYPYPLIGTTAVNS 

WQKKFLCDRTMWRIPFSSNFMSMGALTDLGQNMLYANSAHALDMTFEVDPM 

DEPTLLYLLFEVFDVVRVQPHRGDEAVYLRTPFSAGNATT. 

1.4: Serotype 41 hexon protein 

VC\WAARGAAEPPRARFPLVKMATPSMMPQWAYMHIAGQDASEYLSPGLVQ 

FARATDTYFSLGNKMlOTVAFIHD\aTDRSQRLTIJRFVPVDREDTT^ 

LAGDNRVLDMASTYFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNSSQWADKE 

RWGGGNTTCDVTKTFGVAAMGGEDITEKGLKIGTDTTANEPIFADKNFQPEPQV 

GEENQETFVFiTGGRAIJCKBrKMKPCYGSFARPTNEKGGQAKFnGDNGQPTENH 

DITMAFDTPGGmGGTGGPQDELKADIVMYTEMNLETPDTHVVYKPGKEDDSS 

EINLVQSMPNRPhmGFRDNFVGIJ^fYYNSTGNMGVIAGQASQ^ 

TELSYQIXDSLGDRTRYFSMWNSAVDSYDPDVRIIENHGVEDELPNYCFPLDGSG 

TNSAFQGKIKQNQDGDVNDDWEKDDKVSTQNQICKGMYAMEINLQANLWKSF 

LYS^^^ALYIJ)SYKYTPANVILPT^^OTYEY^INGRVVAPSLVDAYIMGARWSI^ 

PMDNVNPFNHBU^AGIJIYRSNASGQRPUIAIPHPSAPKVLOTQEPAPAPGIJ^^ 

VELPQGRQHDAEFPRKRPARRRRLRALRQRQPLCHILPHGAQHRLHPGSHAAQR 

HQRPVLQRLPLRQHALPHPGQGHQRAHLHPLAQLGRLSRLEFHPAQDQGNSFPR 

LGFRPIJLX:IXGIJ^PU>RRDIJLPQPHLQEGIJfflVRIXGQLARQRPAVTP^^^ 

VIX>EGYNVAQCMTKDWFLVQMl^HYMGYQGFHWBGYKDRMYSFFRNFQPM 

SRQVVDEINYKDYAXnTLPFQHNNSGFTGYLAPTMRQGQPYPANFPYPUGSTAVP 

SVTQKKFLCDRVMWRIPFSSNFMSMGALTDUjQNMLYANSAHAIJD 

DEPTIXYLLFEVFDVVVHQPHRGVIEAVYLRTPFSAGNATT. 
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